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THE NITROGENOUS CONSTITUENTS OF FLAXSEED 
Il. THE ISOLATION OF A PURIFIED PROTEIN FRACTION* 


By BRUNO VASSEL anp L. L. NESBITT 


(From the Department of Agricultural Chemistry, North Dakota Agricultural College 
and Experiment Station, Fargo) 


(Received for publication, April 9, 1945) 


Data are available on the purified proteins of many of the common seeds 
of commercial importance. It is therefore surprising that little is known 
about the proteins of flaxseed, particularly because flax is an economically 
important crop in many sections of the world. Linseed meal, the nearly 
oil-free residue of the ground flax seeds, is rich in nitrogen and should com- 
mand a more important position in the economy of the flax industry than it 


has up to now. 
The earliest report on flaxseed proteins is furnished by Osborne (1) who 


extracted lipid-free linseed meal with either water, 10 per cent NaC! solu- 
tions, or dilute alkali. He recorded that the addition of very dilute acetic 
acid to aqueous extracts precipitated some proteins which were soluble in 
an excess of the acid but which were again precipitated upon the addition 
of salt. Acidification of saline extracts with acetic acid precipitated pro- 
teins, insoluble in an excess of the acid, but partially soluble in an excess of 
cold HCl, and completely soluble in hot HCl. No further attempt to frac- 
tionate the flaxseed proteins has come to our attention since Osborne’s 
observations were published in 1892, but the literature contains a number 
of peptization studies with various aqueous solvents (2—4)' and several 
partial amino acid analyses of the bulk of the crude proteins (5-8). 

This report presents a description of the isolation, purification, and of 
some of the chemical and physical properties of one of the flaxseed proteins, 
which, according to data now available, appears to be the major protein of 
linseed meal. We propose naming this protein linin, derived from the 
botanical name of flax, Linum usitatissimum. Throughout this investiga- 
tion our primary aim has been to obtain linin as a homogeneous entity; 
consequently, less attention was paid to yield than to purity. We consider 
the procedure finally adopted as a reasonably satisfactory one, subject, 
however, to further improvements. We shall also place on record some of 
the early difficulties which we encountered with water or dilute salt extracts 


* Published by permission of the Director, North Dakota Agricultural Experiment 
Station. This work was carried out under Purnell Project 95, “‘The chemistry of 
flaxseed.” 

‘Painter, E. P., and Nesbitt, L. L., unpublished. 
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572 ISOLATION OF FLAXSEED PROTEIN 
of linseed meal. These observations may, perhaps, be useful to others why 
wish to investigate further protein extraction methods with aqueous gg}. 
vents. We have particularly in mind those in the flaxseed industry who 
have long hoped to make better use of linseed meal. 

Flaxseed contains, in addition to linin, several other proteins. One of 


these in particular is obtainable in fair amounts. We shall occasionally | 


mention this protein during the discussion and shall refer to it as conlinip. 
A detailed description of its isolation and purification will be submitted 
later. 
EXPERIMENTAL 

The seeds used were a mixture of samples received from agronomists who 
were working to improve flax varieties. They consisted of the more com. 
mon flax varieties generally grown in the north central states. The seeds 
cleaned from gross impurities by sieving through a 20 mesh screen, were 
ground in a laboratory model roller mill. The ground meal contained 57 
to 5.8 per cent moisture, 3.9 to 4.0 per cent ash, 4.9 to 5.0 per cent nitrogen 
(ash- and moisture-free*), and 37 per cent lipids, extracted in a Soxhlet apps- 
ratus for 24 hours with petroleum ether (Skellysolve, 40-60). The nitrogen 
content of the fat-free meal was 6.80 to 6.85 per cent, which by calculation 
indicates no loss in nitrogenous constituents during lipid extraction. 

Water and Aqueous Salt Extractions—The meal swells upon the addition 
of water or 5 per cent salt solutions but can readily be stirred or shaken ata 
ratio of 10 gm. or less of meal to 100 cc. of solvent. Aqueous solutions of 
the meal have pH values below neutrality, which slowly decrease further to 
an occasional low near pH 4.8. Salt solutions, either 5 per cent NaCl, 5 per 
cent NaeSO,, or 7 per cent (NH,).SO,, have the same approximate initial 
pH value but the tendency of the pH to decrease further is not as pr- 
nounced as in the absence of salts. For 100 gm. of meal, from 2.5 to3.5ce 
of 5 Nn NaOH are needed to maintain a pH of 7.0. In all of the extractions 
here reported, 10 gm. of meal were shaken first with 100 cc. and then with 
50 ce. portions of the solvents for 1 hour periods. Longer shaking increases 
but little the amount of extracted nitrogen. When water and 5 per cent 
Na,SO, solutions are compared, the extractable nitrogen is more closely & 
function of pH than of the solvent used. Table I presents some data i- 
dicative of the influence of pH on the amount of nitrogen extracted m 
water and 5 per cent NasSOQ, at pH values of 5.5, 7.0, 8.2 (NazCQs), and 
10.2 (NaOH). 











The supernatant of an extract below pH 7 is cloudy and somewhat yel- 


low; alkaline extracts are deep yellow to orange in color. The crude pro 
? All analytical values and yields, unless otherwise stated, have been corrected for 
ash and moisture content. 
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teins which precipitate from the extracts at pH 3.9 to 4.1, and which centri- 
fuge out readily, are white in appearance and give no indication that they 
contain material which upon re-solution in dilute NaOH gives rise to very 
slimy solutions of a yellow to red-brown color. Proteins obtained from 
water or 5 per cent salt extracts at pH values below neutrality carry, upon 
solution at pH 10.2, considerably less of the colored and slimy impurities 
than when alkaline solutions are used in the original extraction. This is 
clearly reflected in the nitrogen values of some of the impure preparations of 
proteins isolated from the original extracts, as shown in the first four lines of 
Table VI. Filtration of the extracts raises the nitrogen content of the 
isolated protein, but a large part of the protein material is filtered out with 


TABLE I 
Nitrogen Peptized from 10 Gm. of Fat-Free Linseed Meal by Two Extractions of 100 and 
50 Cc. of Water or 5 Per Cent Na2SO, at Different pH Values 
The calculations are based on the actual volume of supernatant recovered after 


centrifugation. 





Solution N found in 
Solvent used maintained at . : Total N extracted 
pH ist extract 2nd extract 
per cent per cent per cent 
H,0 5.5 43.4 9.5 52.9 
" 7.0 54.2 11.0 65.2 
8.2 59.3 18.9 78.2 
10.2 68.7 18.7 87.4 
Na,SO, 7.0 53.8 11.5 65.3 
” 8.2 55.4 17.6 73.0 
- 10.2 65.3 21.9 87.2 


the slimy impurities. Highest protein yields of filtered salt extracts were 
obtained when 2 gm. of Hyflo Filter-Cel (Johns-Manville) were stirred into 
1000 cc. of solution at pH 10.2, and filtered by suction through a mat of 
approximately 2 mm. thickness of Filter-Cel supported on gauze. While 
this method is better than filtration through filter paper, the yield is still 
very poor, and the frequent reextractions are too inefficient to make this 
method acceptable. Osborne (1) recognized these difficulties in his state- 
ment (p. 655), ‘“These operations [purification of 5 per cent NaCl extracts] 
Were in all cases greatly prolonged on account of the gum contained in the 
seed, which rendered filtration extremely difficult and slow.”’ 

To avoid misunderstanding, we wish to state, however, that the removal 
of the slimy impurities is necessary only when it is desired to isolate the 
individual flaxseed protein fractions as homogeneous products, and in the 
highest attainable state of purity. Actually, from a quantitative stand- 
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point, the slimy impurities make up only a small part of the weight of the 


bulk of the crude proteins which precipitate when the pH of the original 
salt extracts is brought to 4.5 with 5 n HCl. 

Inasmuch as the residual, unextracted nitrogen of the meal is appreciable, 
ethanol extractions were made on the residue after 76.1 per cent of the 
original nitrogen has been extracted with 5 per cent NaCl. As shown in 
Table II, some of the residual nitrogen is alcohol-soluble. When aliquots 
of these extracts were diluted with 5 volumes of water, acidified, and tr. 
chloroacetic acid was added to a 10 per cent final concentration, opales- 
cence occurred, but no precipitate was formed during the next 24 hours, 
This was interpreted as indicating the absence of alcohol-soluble proteins 
in linseed meal after extraction with salt solutions. 


TaBL_eE II 
Ethanol Extraction of Linseed Meal Previously Extracted‘F our Times at pH 6.9 
with & Per Cent NaCl 
A total of 76.1 per cent of the original nitrogen had been extracted. The residual 
nitrogen content of the meal was 1.63 per cent. 


l ~ 
| 





Ethanol concentration in aqueous 


solvent, % 42 50 58 70 75 \80 
N extracted per 100 gm. meal, gm. | 0.146 | 0.139 | 0.118 | 0.112 | 0.096 | 0.080 


Caleulated N extracted, % 8.95 8.53 7.2 6.87 5.88 | 4.90 


Extraction with Organic Solvents. Ethylene Glycol—After it became evi- 
dent that it was very difficult to remove the slimy impurities from proteins 
extracted by water or salt solutions, our attention turned to organic solvents 
in the hope of finding one which would either precipitate the flaxseed pro- 
teins, or the gum, without precipitating both together. Preliminary tests 
with a number of organic solvents indicated that the gum consisted of at 
least two components, either of which is responsible for the slimy consist- 
ency of alkaline, aqueous extracts. One of these gummy substances could 
be precipitated by the addition of ethylene glycol to aqueous or salt extracts 
of linseed meal. The precipitate was flocculent but settled unsatisfactorily. 
It required 30 minutes or longer centrifugation at fairly high speeds to pack. 
The precipitate, in a representative trial run, contained 5.68 per cent of the 
nitrogen of the extract. Since centrifugation was unsatisfactory, the mini- 
mum ratio of 0.2 m phosphate buffer at pH 7.2 to ethylene glycol was inves- 
tigated which would extract a maximum amount of nitrogen without also 
extracting the gummy impurity. The absence of the latter was ascertained 
by adding enough glycol to the extract to give a final concentration of 2 
volumes to each volume of buffer. These data are shown in Table III. 

It is evident that beginning with a ratio of 1:1.25 of buffer to ethylene 
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glycol none of the ethylene glycol-insoluble material is extracted. Further- 
more, the amount of nitrogen in solution is constant for the range tested and 
amounts to about 65 per cent of the total nitrogen in three extractions. 
This is approximately equal to the nitrogen obtained by two extractions 


TaBLe III 


Nitrogen Peptized from 10 Gm. of Meal with 100 and 50 Cc. Portions of Phosphate 
Buffer-Ethylene Glycol at pH 7.2 


The final phosphate concentration was about 0.08 m. 























Ratioof | Total N extracted in tn. cf gun 
oe = |) a ce | with pees ethylene 
glycol | ist extraction | 2nd extraction | 3rd extraction Total glyco 
per cent per cent per cent per cent ci 
1:0.50 | 44.4 | Visible ppt. 
1:1.00 39.1 “ «“ 
11.10 | 41.2 20.7 o ay 
1:11.18 | 40.7 19.4 Doubtful ppt. i + 
1:1.25 | 40.2 17.6 Fe 65.5 No ppt. a} 
1:1.40 | 40.7 18.3 6.3 65.3 laa i 4 
1:1.50 | 39.4 18.3 6.4 64.1 ates Gt 
TaBLe IV 


— 
war 


Nitrogen Peptized from 10 Gm. of Meal with 100 and 50 Cc. Portions of 1:1.4 Phosphate 
Buffer-Ethylene Glycol at Various pH Values 
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The final phosphate concentration was about 0.08 m. f 
_ r 
H of buffer- pH of extract after Total N extracted in i 
glycol mixture aimee pede ease: py" ee “fe 
| ist extraction 2nd extraction ist extraction | 2nd extraction Total 
| per cent per cent per cent te 
Water 5.6 5.3 | 32.8 10.4 43.2 ti 
6.5 6.3 6.6 1? ga 12.0 43.2 | 
6.8 6.7 6.9 31.2 12.3 43.5 4 
7.7 7.2 7.7 | 40.4 12.4 52.8 Hh 
8.2 7.7 8.0 38.7 13.4 §2.1 i 
8.6 7.8 8.0 40.2 12.3 52.5 
9.0 7.8 8.1 38.8 13.6 52.4 i 
9.5 7.9 8.2 39.0 12.4 51.4 
10.1 8.0 8.8 38.8 12.4 51.2 a 
10.5 9.6 10.0 40.2 12.4 52.6 q 
40.7 12.5 53.2 
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with water or 5 per cent NasSQ, at pH 7. Increasing the pH of the buffer 
above 7 has little influence on the amount of extractable nitrogen, as Table 
IV shows. 

Not all of the nitrogen extracted by ethylene glycol is protein nitrogen. 
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A glycol extract, after dilution with 4 volumes of water, containing 0,34 | 
gm. of nitrogen per 100 cc., and representing 60.2 per cent of the origing| 
6.39 per cent nitrogen of the meal, was fractionated with 20 per cent ty. 
chloroacetic acid, with 20 per cent sulfosalicylic acid, and by dialysis fq. 
lowed by trichloroacetic acid precipitation. The data are shown in Table 





V. Itis evident that trichloroacetic acid and sulfosalicylic acid precipitate 
about the same amounts of nitrogen, leaving 21.4 and 22.1 per cent of nop. 
protein nitrogen, respectively, in solution. If the extract is first dialyzed | 
and then precipitated with trichloroacetic acid, 28 per cent of non-protein 
nitrogen is found. We presume that the higher value after dialysis repre. 


TABLE V 
Distribution of Nitrogen in Twice Extracted Linseed Meal, with Ethylene 
Glycol-Phosphate Buffer As Solvent 


N calculated from 








IN actually | Total N 








extracted Speer 
(60.2 per | , 
cent of (6.39 per 
totalN) | cent) 
per cent | percent 
N not extracted by 2 extractions 39.8 
Extracted N not precipitable by trichloroacetic acid 22.1 | 
sty a = ** sulfosalicylic acid 21.4 
Non-protein N, average of sulfosalicylic and trichloroacetic acid 
methods 21.7 13.1 
Protein N in extract, average (by difference) | 78.3 47.1 
Total 100.00 
PS aa to ta ef : 
N dialyzable in 6 days 13.8 | i 
** not dialyzable and not pptd. with trichloroacetic acid . 14.2 | 8.6 
Protein N after dialysis and trichloroacetic acid treatment 72.0 | 43.3 





sents some decomposition of the proteins by microorganisms. Assuming 
that 21.7 per cent is a close approximation of the non-protein nitrogen im 
the extract, then 78.3 per cent of the extracted nitrogen (or 47.1 per cent 
the original nitrogen of the meal) is protein nitrogen. Exactly how much 
of this protein nitrogen belongs to linin we do not know. Attempts t 
fractionate linin from conlinin by a single separation into soluble (conlinin) 
and insoluble (linin) fractions at pH 5.7 gave erratic results which we cai | 
only explain by our later observation that both proteins have a strong tet- 
dency to coprecipitate at their respective isoelectric points. 

Ethylene glycol extracts are deep yellow-red in color. When, after dilt- 
tion with 4 volumes of water, the bulk of the proteins is precipitated at pH 
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4.5, part of the pigment-producing substances becomes colorless and pre- 
cipitates with the proteins, the other colored part remaining in solution. 
Upon solution of the proteins at values above pH 9, the pigments regain 
their former color, giving the entire solution a muddy brown appearance. 
If now filtered, all of the slimy impurity but only part of the pigments is 
retained by the filter paper. Filtration is considerably more rapid but an 
appreciable part of the proteins is again lost, although not as much as when 
the glycol-insoluble impurity was also present. Accordingly, we searched 
for a further precipitating agent for the second gum-like substance. 
Dioxane—The addition of 100 cc. of dioxane to 100 cc. of glycol extract, 
diluted with 100 cc. of water, and maintained at pH 10.1 to 10.2, precipi- 


TaBLe VI 
Nitrogen Content of Flax Proteins Obtained by Various Extraction Procedures 


All values are corrected for moisture and ash. 








! } 

Protein | 

isolated 

per 100 gm.| protein 
| meal 


| 
Type of solvent used for extraction | - Method of partial purification 


| gm. per cent 
| 12.69 
16.28 
16.28 
16.60 
16.79 
17.02 


H,O at pH 10.2... PETS ee | 2 reprecipitations 

Prt 6S ei ooh su ORE " 

5% MaBOs at pH 5. 2 " | 

5% ~~ See Filtered, then pptd. once | 

1:1.4 PO, buffer-glyc .....| Filtration, 4 pptns. | 

Same . + ARE Ae Dioxane treatment, 4 fil- | 5.2 
trations and pptns. 


~ 
Nm 


tates the gum nearly quantitatively. The gum flocculates out and can be 
removed by centrifugation for 40 minutes. When large volumes are used, 
it is more practical to allow the impurity to settle during 24 hours, to siphon 
off and filter the supernatant, and to centrifuge only the residue. In a trial 
run, 0.8 gm. of a very slimy substance was isolated from a glycol extract of 
100 gm. of meal, containing 9.44 per cent (uncorrected) nitrogen. From it 
0.4 gm. of proteins was isolated. A second sample of this gummy material, 
after more extensive purification, contained 2.35 per cent nitrogen (uncor- 
rected), and 23.95 per cent ash. 

The supernatant, after removal of the gum, shows slight opalescence, and 
is strongly honey-colored. After dilution with 1.5 volumes of water and 
acidification to pH 4.5 to 4.6, linin and conlinin precipitate together as a 
white material, leaving a perfectly clear, honey-colored supernatant. Since 
small amounts of the dioxane-insoluble material are precipitated with the 
proteins, a second dioxane treatment, described in detail later, is necessary. 
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In a trial run, 5.2 gm. of linin and conlinin were isolated from a dioxane | 
treated glycol extract of 100 gm. of meal, after four reprecipitations at pk 
4.5 from filtered water solutions of pH 10.2. These proteins containg 
17.02 per cent nitrogen. Table VI summarizes the vields and the per cep; 
nitrogen content of the preparations isolated by the previously discussed | 
extraction procedures. It is evident that the purity of the product improved | 
with the adoption of each new procedure. 

The use of dioxane has still another advantage. The honey-colored| 
ethylene glycol extracts carry, among others, a red pigment which, upon | 


TaBLe VII 
Nitrogen Peptized by Two Extractions of 10 Gm. of Linseed Meal (100 and 50 Cc.) y 
Formic Acid-Water Miztures | 
The per cent nitrogen extracted is calculated from the volumes of supernatant 
actually recovered after centrifugation. 





N extracted 














Formic acid used — — a cyaceeeentenenensitinneeetaieeiialan 

ist extraction 2nd extraction Total 
per cent per cent per ceni per cent 
87 .0* 62.7 18.5 81.2 
78.3 60.7 18.5 79.2 
69.6 59.0 17.3 76.3 
60.9 55.9 15.3 71.2 
52.2 52.7 15.4 68.1 
43.5 48.3 14.4 62.7 
34.8 42.4 13.3 55.7 
26.1 36.3 12.0 48.3 








* 87.0 per cent according to the manufacturer’s label. All other formic acid 





percentages are calculated accordingly. 


precipitation of the proteins on the acid side in the absence of dioxane, is to 
some extent carried down but is not in the presence of dioxane. 

Formic Acid—During a search for organic solvents which would extract 
the proteins from linseed meal without extracting carbohydrate impurities 
at the same time, the paper of Albanese et al. (9) on the use of formic acid 
as a peptizing agent of vegetable proteins came to our attention. The 
concentrated acid (87 per cent) extracted about the same amounts of nitro- 
gen from linseed meal as did aqueous or salt solutions at pH 10.2. After 
even a slight dilution, its peptizing powers decreased rapidly; illustrative | 
data are shown in Table VII. 

Unfortunately, sufficient gum was extracted to discourage the use d 
formic acid. One incidental observation, however, may prove of consider 
able value. Purified linin dissolves very rapidly in 87 per cent formic acid 
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without alteration of its solubility, as far as we have been able to determine. 
The solubility of conlinin, on the other hand, becomes altered to the extent 
that only a milky appearing solution can be recovered after careful neutrali- 
zation to pH 4.5 at temperatures below 10°. This suggested a means of 
increasing the efficiency of the final purification procedure for linin, as dis- 
cussed in the next section. 

Recommended Procedure for Isolation of Linin—250 gm. of petroleum 
ether-extracted linseed meal are mechanically shaken or stirred for two 
1 hour periods with 2500 and 1500 cc. of a buffer-glycol mixture, prepared 
from 417 cc. of 0.2 m NasHPO,-NaH,PO, at pH 7.2 to which are added 583 
ce. of ethylene glycol. Centrifugation after each shaking period yields a 
total of 3000 to 3100 cc. This solution has been kept for several months at 
room temperature, without noticeable growth of microorganisms. Upon 
standing, the pH slowly drops and some of the proteins will precipitate. 
This is of no consequence, since the proteins will readily redissolve in the 
next step of the procedure. 

The glycol extract is now brought to pH 10.0 to 10.2 by the dropwise 
addition of 25 per cent NaOH, with constant mechanical stirring of the so- 
lution. To each 1000 cc. of alkaline extract are added 1000 cc. of distilled 
water, and slowly 1000 cc. of dioxane while the solution is stirred and main- 
tained at pH 10.2. The gum becomes increasingly insoluble with increasing 
alkalinity, but to go above pH 10.2 is of no advantage. After about 2 
hours, flocculation begins and is complete in about 24 hours. The super- 
natant, which is slightly opalescent and strongly honey-colored, is siphoned 
off and filtered. The residue is centrifuged at high speeds for 40 minutes 
and the supernatant added to the filtrate. After dilution with 1.5 volumes 
of distilled water and acidification to pH 4.5 to 4.6 with 5 n HCl, the white 
proteins (linin plus conlinin) settle out readily in a few hours, leaving a 
clear light yellow supernatant from which the small albumin and globulin 
fractions can be salted-out. This will be described in a subsequent report. 
The precipitated proteins are dissolved in 2000 cc. of distilled water at pH 
10.2(NaOH). For every 1000 cc. of solution 380 cc. of dioxane are added, 
the pH being maintained at 10.1 to 10.2. The small amounts of gummy 
material which escaped the first dioxane treatment are filtered off with 
Schleicher and Schiill No. 725 filter paper, the best paper for flax protein 
work that we have found. The filtrate is brought to pH 4.5, the precipi- 
tated proteins centrifuged, and the now only faintly yellow supernatant 
is discarded. The proteins are redissolved in water at pH 10.0 to 10.2, 
reprecipitated first at pH 5.7 (linin) and then at pH 4.5 (conlinin). The 
latter is redissolved once more at pH 10.2, reprecipitated at pH 5.7, and the 
proteins obtained at this pH added to the first batch. It is possible to 
obtain linin almost free from other proteins by repeated solution at pH 10.2 
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and reprecipitation at pH 5.7. The last traces of protein impurities are, 
however, difficult to remove, unless the rather severe formic acid treatment 
is used. 

Unless later proved otherwise, we now believe that it is safe to dissolve 
linin (from 250 gm. of meal) in about 800 cc. of 87 per cent HCOOH, to 
stir it at room temperature for 15 to 20 hours, and to recover the now con. 
linin-free linin by dilution with an equal volume of water, the temperature 
being maintained below 10° with additions of ice directly while 5 n NaOH 
is added dropwise with mechanical stirring until the pH is above 4. A final 
adjustment to pH 5.7 is made after the solution has come to room tempera- 
ture. In order to wash out adhering decomposition products of the 
previous protein impurities, the linin is once more dissolved in 1000 ce. of 
water at pH 10.2 and reprecipitated at pH 5.7. The precipitate can be 
dried without a noticeable change in its solubility properties by washing it 
with ethanol and ether. 

Data presented in Table VIII were obtained from two linin preparations, 
neither of which had been treated with dioxane. The use of dioxane in the 
removal of the second of the gummy impurities is a rather recent develop- 
ment, and while we now have dioxane-treated protein preparations of 
nitrogen content equal to our purest preparations by other methods, no 
solubility data have as yet been obtained on these as criteria of purity. 
The proteins discussed in Table VIII were, in one case, prepared from a 
six times filtered and reprecipitated ethylene glycol extract, treated with 87 
per cent HCOOH, as previously discussed. The final product was dried 
with alcohol and ether. The other linin preparation of Table VIII was 
isolated from an ethylene glycol extract. A total of eighteen precipita- 
tions at pH 5.7, and peptizations at pH 10.2, followed by filtration each 
time, was performed. After being dialyzed and dried from the frozen 
state in a high vacuum (10), this preparation contained 17.15 per cent 
nitrogen (micro-Kjeldahl! (11)), 0.64 per cent sulfur (alkaline permanganate 
ashing (12)), 1.26 per cent phosphorus (Berggren’s (13) modification of 
Fiske and Subbarow’s (14) method), and 0.51 per cent carbohydrates 
(Hewitt’s (15) adaptation of Sgrensen and Haugaard’s (16) method, with 
an equimolar mixture of galactose and mannose as the arbitrary reference 
solution). All values are calculated on an ash- (1.49 per cent) and mois- 
ture- (2.90 per cent) free basis. When tested for homogeneity by the 
application of Gibb’s phase rule to solubility data in accordance with 
Northrop’ and Kunitz’s (17) method, as modified by Butler (18), the prepa- 
ration was found to be contaminated by small amounts of one or more other 
proteins. The entire preparation was therefore shaken in m/15 phosphate 

? We wish to express our gratitude to Dr. J. H. Northrop for valuable advice and 
suggestions with respect to the handling and interpretation of the solubility data. 
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buffer at pH 5.7, containing 0.25 saturated Na,SO,, in a constant tempera- 
ture bath at 25°. The Na2SO, served as a bacteriostatic agent. After each 
48 hour shaking period the solution was centrifuged and the supernatant 
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Fic. 1. Solubility of linin in m/15 phosphate-0.25 saturated sodium sulfate at pH 
5.7 and 25° in the presence of increasing quantities of solid phase. 


TaB_e VIII 
Chemical and Physical Data on Two Linin Preparations 
All values are calculated on an ash- and moisture-free basis. 

















Linin prepared by 
Equilibrating HCOOH 
in POs buffer treatment 
Nitrogen, % 16.99 17.01 
Sulfur, % 0.61 0.59 
Phosphorus, % <0.01 <0.01 
Carbohydrate, % 0.54 ss 
Isoelectric point (from Fig. 2) 5.75 
Approximate solubility in distilled water adjusted to indi-| Above 6.9 | 
eated pH with HCl or NaOH | Below 3.6 | 














* Hewitt’s method calls for the addition of 60 per cent H,SO, to the protein. 
When this is done, a deep violet color develops in the HCOOH-treated protein, even 
in the absence of orcinol, which makes a colorimetric carbohydrate determination 
impossible. 


analyzed for nitrogen. After the eighth shaking period, constant nitrogen 
values were obtained. The product was now tested for purity by solubility 
measurements and was found to be homogeneous (Fig. 1) from the slope of 
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1, and from the constant solubility when fully saturated. Chemical and 
physical data on the dialyzed (16 days) preparation after it was dried from 
the frozen state are given in Table VIII, which also contains the correspond. 
ing values for the preparation treated with formic acid. An interesting 
feature of these data is the absence of phosphorus in both of the purified | 
preparations. It should be recalled that one of these preparations, prior | 
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Fic. 2. Electrometric titration curve of linin between pH 2.5 and 11.5 


to equilibration to constant solubility, contained 1.26 per cent phosphorus. 
It is unlikely that this was due to contamination by inorganic phosphorus 
for the following reasons. Eighteen reprecipitations at pH 5.7, followed 
by a 16 day dialysis, should have removed most of the inorganic phospho- 
rus; the nitrogen content of the protein prior to the removal of the phos 
phorus was as high as that of the final homogeneous product; lastly, the 
two crude protein preparations isolated from a 5 per cent NagSO, extract 
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at pH 5.5 and from dilute alkali at pH 10.2, shown in Table VI, contained 
0.45 and 0.54 per cent phosphorus, respectively, but neither of these had 
been extracted with phosphate-buffered solutions. We are inclined to 
believe that a phosphorus- and nitrogen-rich substance was removed by the 
equilibrating procedure, and by the HCOOH treatment. 

In order to obtain a better approximation of the isoelectric point an elec- 
trometric titration of linin in 1 N KCl was performed between pH 2.5 and 
11.5 at 25°, shown in Fig. 2. A Coleman glass electrode assembly was used. 
No further glass correction was applied for the electrode in alkaline solu- 
tions. According to the titration data the isoelectric point lies at or close 
to pH 5.75, which confirms our previous observation that the maximum 
insolubility of linin appears to be near pH 5.7. 


DISCUSSION 


It is difficult to compare our data with those of Osborne (1). It appears 
that the protein which Osborne describes as insoluble in dilute and strong 
acetic acid, but partially soluble in strong HCl, resembles most closely the 
properties of our linin preparations. All of Osborne’s “‘globulins”’ crystal- 
lized readily during dialysis as octahedra or spheroids; none of our linin or 
conlinin preparations are crystalline. The least understandable differences 
between Osborne’s and our preparations are the analytical values for nitro- 
gen and to a lesser extent sulfur. His globulins, calculated on an ash-free 
basis, contained 18.34 to 18.95 per cent nitrogen and 0.73 to 0.99 per cent 
sulfur. These figures are appreciably higher than ours and we are at a loss 
to account for these differences. 


SUMMARY 


The isolation of a protein from flaxseed is described. It appears to be 
the major protein component. The purified protein, named linin, according 
to solubility data, is a homogeneous product. It has an isoelectric point at 
or near pH 5.75, and contains 17.0 per cent nitrogen, 0.6 per cent sulfur, and 
0.54 per cent carbohydrate. 
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Since the discovery of the phosphorolytic breakdown and synthesis of 
starch, glycogen, and sucrose, the attention of many cell physiologists has 
: Bee been centered on the réle of phosphoric esters of sugars as precursors of 

| polysaccharides and of disaccharides in plant and animal metabolism. 

While the importance of phosphoric esters in metabolic processes is well 
established, it must be realized that synthetic mechanisms not directly 
involving such compounds may be wide-spread in nature. For this reason, 

the bacterial syntheses of levulan and of dextran from sucrose are of special 
interest, since the formation of these polysaccharides is easily effected with 
cell-free enzyme preparations and does not appear to involve the accumula- 

| tion of phosphoric esters. ; 
| Hehre (1) has obtained a crude enzyme preparation from cultures of 
Leuconostoc mesenteroides which catalyzes the reaction 


trap. 





nC ,2Ho20;, ~—> nC pH i205 + (CeHy0Os)n 
Sucrose Fructose Dextran 


The same species has been shown by Kagan, Latker, and Zfasman (2) to 
cause the phosphorolysis of sucrose with the formation of fructose and 
glucose-1-phosphate, a reaction which has been studied with another bac- 
terium and used as the basis for synthesis of sucrose and related disacchar- 
ides (3-6). It therefore seemed reasonable to suppose that dextran would 
arise as a condensation product of glucose-l-phosphate. Hehre (7) has 
shown that this is not the case, since his enzyme was inactive toward the 
phosphoric ester. 

Hestrin and Avinieri-Shapiro (8) have shown a similar situation in the 
synthesis of levulan from sucrose by Aerobacter levanicum. The crude 
enzyme preparation obtained by them catalyzes the reaction 


nC 2H), = (CgH 00s) + nCgH,20¢ 
Sucrose Levulan Glucose 


In addition, some inversion of sucrose occurs; so that the authors were 
prompted to write a more complicated but hardly a more useful expression 
of the observed facts, in which both the synthetic and hydrolytic cleavage 
products are included. They found the ratio of sucrose hydrolyzed to su- 
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crose used in levulan synthesis to approximate unity. Their dialyzej 
enzyme was found to be active in the absence of added phosphate, indicating 
that no accumulation of phosphoric esters is necessary for the synthesis o 
levulan. Hestrin and Avinieri-Shapiro’s studies of the properties of thei 
enzymes were as thoroughly carried out as the crude material permits and 
leave little to be desired. One question, however, was left unanswered 
by these authors; namely, whether the reaction is reversible. They could 
not show that the reverse reaction occurred when glucose and levulan wer 
added to the enzyme. The question is a rather important one, sing 
thermodynamic considerations would lead one to expect an equilibrium 
in which demonstrable quantities of the reactants would occur, and an 
irreversible reaction would be incompatible with our knowledge of enzyme 
chemistry. For this reason, it seemed of interest to reinvestigate the prob- 
lem to see whether reversibility could be demonstrated for the process, 


EXPERIMENTAL 


Instead of Aerobacter cells, the source of enzyme used in the present 
studies was the culture medium in which Bacillus subtilis' had been grown 


in the presence of sucrose. The ability of many Bacilli to form levulan | 


and the occurrence of the active principle in the cell-free medium have been 
familiar to every bacteriologist since the pioneering work of Beijerinck 
(9). 

The properties of the enzyme preparations thus obtained are very similar 
to those described by Hestrin and Avinieri-Shapiro. Both synthesis 
levulan and hydrolytic cleavage of sucrose appear to go on simultaneously, 
but the ratio between the products of hydrolysis and synthesis was found 
to vary considerably, depending on the environmental conditions and the 
method of treatment of the preparations. The optimum is around pH 
5, the synthesis of levulan proceeds readily without added phosphate, and 
the rate of synthesis is reduced by the addition of glucose. Unlike their 
preparations, however, the Bacillus subtilis culture medium was found to 
effect a slow hydrolysis of levulan, indicating that the accumulated poly- 
saccharide might be used as an extracellular reserve product by the organ- 
ism. As in Hestrin’s studies, the reversibility of levulan synthesis could 
not be demonstrated directly with these preparations. It seemed likely 
that a major difficulty was the high molecular weight and hence the rela- 
tively low molar concentration of the polysaccharide in solutions whieh 
can be readily handled. It seemed desirable, therefore, to displace the 
equilibrium to the left by removing any traces of sucrose which might be 


1 The culture used in these studies was found in the departmental collection and 
kindly identified for us by Dr. Nathan R. Smith of the Bureau of Plant Industry of the 
United States Department of Agriculture as typical Bacillus subtilis. 
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formed by the reverse reaction. This was done by the addition of yeast 
invertase, in the presence of which indirect evidence was obtained for the 
occurrence of a back reaction and for a new mechanism of sucrose synthesis. 

Experiments with Concentrated Culture Medium—Cultures of Bacillus 
subtilis grown in a medium containing sucrose were used as a source of both 
levulan and enzyme for the experiments. The medium was prepared 
with 5 per cent sucrose, 0.05 per cent MgSO,-7H,0, 5 per cent yeast auto- 
lysate (by volume), and m/30 KH,PO,-NazHPO, (Sérensen) buffer at pH 
6.8. The organisms were allowed to grow for 20 hours at 30° with constant 
agitation on a rotary shaker, and removed by centrifugation. The super- 

















TABLE | 
Decomposition of Levulan with Concentrated Enzyme Preparation 
| Fase 
as ° ose 
Experiment No.| 1vulan and ensyme Additions ml.) produced from 
at 30° 
1 Inactivated | None 0 
2 _ Glucose 0 
3 sas Invertase 1.2 
4 ns " fructose 2.3 
5 ™ glucose 1.2 
6 Active | None 2.6 
7 ” Fructose 2.6 
S ” Glucose 2.8 
9 | Invertase 4.0 
10 " fructose 3.7 
11 a . glucose 6.2 
12 Zs - ‘* phosphate 6.2 








natant was then dialyzed for 15 hours against running tap water, buffered 
with 0.002 m citrate buffer at pH 5.5, and concentrated by vacuum distilla- 
tion at 10° to about one-tenth the original volume. The concentrate was 
again centrifuged and the supernatant dialyzed against running distilled 
water on a rocker for 18 hours. It was then buffered with 0.0125 m citrate 
buffer at pH 5.5 and centrifuged again. Part of the concentrate was in- 
activated by heating at 100° for 2 minutes, while the balance was used as a 
source of active enzyme preparation. Various additions were made to the 
active and inactive levulan preparations, as shown in Table I. The final 
concentration of levulan in all samples was 22 mg. per ml., representing 
approximately a 5-fold concentration of the original medium. The activity 
of the enzyme preparation was roughly tested by allowing it to act in one- 
sixth of the final concentration on a 6 per cent sucrose solution. In 24 
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hours at 30°, 2.1 mg. of sucrose were transformed to levulan and glucose and 
an additional 7.6 mg. hydrolyzed per ml. 0.02 per cent invertase (Waller. 
stein) was used where indicated, while the sugars were added to make the 
final concentration 0.043 m. 0.008 m phosphate was added to one tube 
as NaH,PO,.-Na,HPO, buffer at pH 5.5. The samples were incubated 
under toluene in rubber-stoppered test-tubes at 30°. 

Determinations of reducing sugar were made with the method of Hassid 
(10), while the levulan was estimated from the amount of reducing sugar 
appearing after hydrolysis with 0.3 Nn HCl for 4 minutes at 100°. The 
degradation of levulan was followed by measurement of reducing sugar 
appearing in the mixtures. That this reducing sugar is actually formed 
from levulan was shown by the fact that in all cases the total reducing 
value upon acid hydrolysis remained constant throughout the experiment, 
so that the appearance of sugar was balanced by the disappearance of 
polysaccharide. It will be seen from Table I that a slow hydrolysis of 
levulan is effected by the enzyme preparation as well as by the invertase. 
In combination, the two agents have an approximately additive effect in the 
absence of glucose. The addition of glucose has no significant effect on 
the action of either the enzyme preparation or of invertase alone on levulan, 
but significantly increases the amount of reducing sugar produced from the 
polysaccharide when both active bacterial enzyme and invertase are allowed 
to act together. 

This may be interpreted as indicating the following reactions. 


bacterial enzyme (a ‘ : 
(1) Levulan+ H,O — fructose (or other products of hydrolysis) 
invertase . 
(2) Levulan + H,O —— fructose (or other products of hydrolysis) 
‘ bacterial enzyme (6 
(3) Levulan + glucose <— — sucrose 


(4 Sucrose + H,O =a, fructose + glucose 

Reactions 1, 2, and 4 appear to be irreversible because of the relatively 
high concentration of water, while the direction of Reaction 3 is normally 
observed from right to left, and the demonstration of its occurrence from 
left to right must depend on Reaction 4. Apparently the invertase content 
of the bacterial enzyme preparations themselves is insufficient to remove the 
sucrose formed in Reaction 3 rapidly enough to make an appreciable dif- 
ference between the rates of levulan breakdown with and without glucose. 

That the cleavage of levulan proceeds from the ends of the mole- 
cule rather than through splitting into levulans of lower molecular weight 
is indicated by the fact that a rather considerable reducing value is obtained 
without much visible change in the opalescence or viscosity of the solution. 
Mild acid hydrolysis, on the other hand, brings about a rapid reduction in 
the colloidal properties with very slight increases in reducing value. 





e and 
aller- 
e the 
tube 
ated 


assid 
ugar 
The 
ugar 
med 
cing 
ent, 
2 of 
3 of 


the 
an, 


the 
ved 


jis) 





M. DOUDOROFF AND R. O’NEAL 589 


As might be expected, fructose cannot replace glucose in increasing the 
rate of levulan breakdown. Other experiments with mannose and galactose 
in place of glucose were not sufficiently convincing to rule out the possibility 
of a slight reaction of these sugars with levulan, but indicated that if such 
a reaction does occur, it is very slow as compared with the one involving 
glucose. 

It is also clear that the addition of phosphate does not increase the rate 
of the degradations of levulan. This would be fully expected from the 
observation that added phosphate is unnecessary for its formation. No 
esterification of inorganic phosphate was ever observed with either sucrose 
or levulan as substrate for the bacterial enzymes. 

Experiments of longer duration than 24 hours were no more convincing 
than those of short duration. Although a greater amount of reducing sugar 
is formed if incubation is prolonged, the ratio of excess sugar appearing in 
the presence of glucose to that produced hydrolytically decreases markedly 
with time. This is particularly true at temperatures higher than 30°, 
and is apparently due to the gradual inactivation of the levulan-forming 
enzyme. 

Experiments with Precipitated Enzyme—In preliminary experiments it 
had been found possible to obtain enzyme preparations from the culture 
medium which could catalyze the synthesis of levulan from sucrose and 
were relatively free of preformed polysaccharide. The method of separat- 
ing the enzymes from the viscous medium was suggested by the successful 
preparation of dextran-synthesizing enzyme by Hehre (1), and depends on 
the adsorption of the active principle on a chloroform emulsion, followed 
by precipitation with alcohol. While the method has not as yet been 
sufficiently developed to obtain good recovery or very active preparations, 
it seemed desirable to repeat the observations on the reversibility of levulan 
synthesis with such material. In addition, the use of these preparations 
made it possible to test their activity on levulan partly degraded by mild 
acid hydrolysis. 

The source of enzymes was a 48 hour culture of Bacillus subtilis grown 
under conditions already described, except that the concentration of yeast 
autolysate in the medium was reduced to 2 per cent by volume and 0.05 
per cent NH,Cl was added. 750 ml. of the culture were centrifuged and 
the supernatant left overnight in the ice box. Ice shavings were then 
added and the medium was emulsified in 250 ml. lots with 20 ml. amounts 
of ice-cold chloroform in a Waring blendor. The emulsion was centrifuged 
lightly and the aqueous supernatant discarded. The pooled chloroform 
emulsion was washed three times by reemulsification with 600 ml. amounts 
of ice-cold water and centrifugation as above. The emulsion was then 
broken up by shaking with 300 ml. of cold 95 per cent alcohol and left for 
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1 hour in the ice box. It was then centrifuged at high speed, the aleohgl 
drained off and discarded, and the precipitate resuspended in 15 ml, of 
0.125 m citrate buffer at pH 5.5. Insoluble material was removed by 
centrifugation, and the supernatant, which contained only a small amount 
of levulan, was used as source of enzymes for the experiments. When 
allowed to act in a 1:10 dilution on a 6 per cent sucrose solution for 2 
hours at 30° the preparation effected the conversion of 2.0 mg. of sucrose 
to levulan and glucose and the hydrolysis of an additional 5.1 mg. of the 
sugar per ml. 1.5 volumes of this solution were added to 5 volumes of 
experimental mixtures containing the substrates. 

A solution of levulan was prepared from heat-inactivated culture medium 
centrifuged free of bacteria, concentrated by vacuum distillation, and 
dialyzed for 24 hours against running distilled water. Part of the levulan 


TaBLe II 


Decomposition of Levulan with Precipitated Enzyme Preparation 


Reducing sugar 
(as mg. fructose per 
Substrate Additions ml.) produced from 
levulan in 18 hrs. 
at 30° 


Experiment No. 


None 0.3 
Invertase 1.1 
glucose 1.9 


Levulan 


fructose 1.1 
” 2.5 
m glucose 3.4 


ot, wh = 


Degraded levulan 


6 | “ “e 





was degraded by mild acid hydrolysis with 0.1 N HCl for 60 minutes at 
room temperature, after which the acid was neutralized with NaOH. 
Sufficient NaCl was added to the untreated levulan to attain the same salt 
concentration as in the hydrolyzed material. 26 mg. of the treated and 
untreated levulan were used as substrate per ml. of solution. The unhydro- 
lyzed levulan possessed a very small reducing value with ferricyanide fe- 
agent, while the degraded material gave a value approximating 4 per cent 
of that obtained on complete hydrolysis. 

Sugars and invertase were added in the same concentration as in the 
previous experiment. Incubation was for 18 hours at 30° under toluene. 
Table II shows the results of such an experiment. 

It will be seen that the precipitated enzymes behave in the same manner 
as the concentrated culture medium, and that the partially hydrolyzed 
levulan can act as a substrate at least as well as undegraded polysaccharide. 
The excess sugar produced in the presence of invertase and glucose (dif- 
ference between Experiments 2 and 3) is almost 3 times the amount of sugar 
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produced by hydrolysis alone with the bacterial enzymes (Experiment 1). 
It is clear that the rate of hydrolysis of the degraded levulan is greater than 
that of whole levulan, undoubtedly due to the increase in molar concentra- 
tion of the substrate. The experimental results show but little correspond- 
ing increase in the rate of excess sugar production in the presence of glucose. 
However, the limitations of the method of measuring small changes in 
reducing value in the presence of relatively large amounts of sugar, and the 
uncertainty as to the stability of the enzyme and the effect of glucose 
on invertase activity under the conditions of the experiment, make it impos- 
sible to draw any conclusions regarding relative rates of the reverse reaction 
with hydrolyzed and unhydrolyzed levulan. In other experiments, in 
which hydrolyzed levulan was added to unprecipitated enzyme concen- 
trates, there was good evidence that the rate of reaction with glucose is in- 
creased by approximately the same factor as the rate of hydrolysis by 
degradation of the polysaccharide. 


DISCUSSION 


The indirect evidence of the reversibility of levulan synthesis indicates 
a new biological mechanism for the synthesis of sucrose. It is most 
probable that, by using a similar approach, the reversible nature of dextran 
synthesis and a third mechanism of sucrose formation could be shown. 
The extremely low rate of reaction between levulan and glucose observed 
in the experiments precludes the possibility of demonstrating the accumula- 
tion of sucrose by any but indirect means, unless the rate can be increased 
enormously. 

Although the type of mechanism studied may be of some importance in 
the biological syntheses of polysaccharides, it seems unlikely that it can 
be useful for such processes as the transformation of starch to sucrose in 
plant tissues. The equilibrium appears to be far in favor of the poly- 
saccharide, which is present in relatively low molar concentration owing to 
its high molecular weight. 

Of fundamental interest is the réle of the glycosidic bond in the trans- 
formation of disaccharides to polysaccharides. In the system studied there 
appears to be an exchange of residues attached to fructose, without the 
accumulation of an intermediate phosphoric ester. It is, of course, possible 
that transitory intermediates of unknown nature may occur on the enzyme 
surface. It seems fair to conclude that the residues of at least some glyco- 
sides may play a role similar to that of the phosphate group of glucose-1- 
phosphate in the biological synthesis of complex carbohydrates. 


SUMMARY 


1. In a system containing levulan, glucose, yeast invertase, and enzymes 
from the culture medium of Bacillus subtilis, evidence of the reversibility 
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of levulan synthesis and for a new mechanism of sucrose formation wags 


obtained. 

2. In addition to the levulan-synthesizing enzyme, the bacterium excretes 
a hydrolytic enzyme capable of attacking levulan. 

3. The enzymatic decompositions of levulan and of levulan partially 
degraded by mild acid hydrolysis could be demonstrated with enzymes 
separated from the culture medium by adsorption on a chloroform emulsion, 


followed by alcohol precipitation. 
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In the earlier papers of this series (1-4) studies of the nature and rate 
of glycogenesis in the liver and in the muscle of rats have been reported. 
Observations on the uptake of deuterium into glycogen from D,O in the 
body fluids have been made with normal rats eating glucose (1) and galae- 
tose (4), with previously fasted rats given glucose or lactate (2), and with a 
diabetic rat receiving glucose (3). In the present paper we report further 
observations in which the rate and nature of glycogenesis have been in- 
fluenced by variation of other conditions. 

Effect of Adrenalin upon Fasted Rats—Since very little glycogen persists 
in the liver of a rat after 24 hours of fasting, if the glycogen content of 
such a liver is made to increase abruptly, the newly deposited glycogen will 
be minimally contaminated with preexisting glycogen. If this rapid rise 
in liver glycogen occurs while the body fluids are enriched with DO, then 
the deuterium concentration in the total liver glycogen, minimally diluted 
by preexisting non-isotopic glycogen, should approach very closely the 
deuterium concentration of the freshly synthesized product. 

It has been pointed out (1) that the highest concentration of deuterium 
observable under such conditions should lie in the neighborhood of 66 per 
cent of that in the body water, and that this value would be achieved only 
if each hydrogen atom in the glycogen were, in the animal, of the same 
isotopic composition as the hydrogen of the body water. This would 
require that, at some stage during glycogenesis, each hydrogen atom was 
either derived from or exchangeable with hydrogen of the body fluids. 
These conditions were experimentally approximated in the case of liver 
glycogen obtained from previously fasted rats fed lactate (2). This sample 
of glycogen contained 57 per cent as high a concentration of deuterium as 
the body fluids from the same animals. 

The administration of adrenalin to previously fasted rats has been shown 
to result in a decrease in muscle glycogen and an increase in liver glycogen, 
and it has been proposed that adrenalin stimulates anaerobic glycolysis in 

* This work was carried out with the aid of grants from the Nutrition Foundation, 


Ine., and the Josiah Macy, Jr., Foundation. 
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muscle with liberation of lactic acid which the liver utilizes for glycogenesis 
(5). We have argued that if the previously fasted rat, when given adreng. 
lin, actually makes liver glycogen out of lactate, this glycogen, in our type 
of experiment (Table I), should show the same isotope distribution as the 
glycogen from the livers of the previously fasted rats fed lactate. 

A comparison of these two experiments is given in Table II. The ad. 
ministration of either lactate by stomach tube or adrenalin subcutaneously 
to previously fasted rats resulted in a marked increase in the quantity of 
liver glycogen over the fasting level. The deuterium concentrations of 
these two samples were essentially identical, 57.0 and 56.2 per cent re. 
spectively of the concentrations in the body water. This agreement is 
precisely what would be expected from the hypothesis of Cori (5) and is 
taken as confirmation of his proposal that the extra liver glycogen that 
appears when a fasted rat is given adrenalin is synthesized from blood 
lactate. Too little glycogen remained in the muscles of these rats to permit 
satisfactory isolation. 

Effect of Insulin upon Previously Fasted Rats—When glucose was fed 
by stomach tube to previously fasted rats containing D.O in their body 
fluids, the glycogen which was deposited in large amounts in the liver was 
not as rich in deuterium as was the liver glycogen in the corresponding 
experiment in which lactate was fed (2). This type of glycogenesis, with 
the introduction of appreciably less than the theoretically maximal amount 
of deuterium, has also been encountered in well nourished rats fed glucose 
(1) or galactose (4) at a dietary level of 60 per cent. The explanation must 
lie in the synthesis of at least a portion of the glycogen by the more or less 
direct utilization of the non-isotopic dietary hexose without preliminary 
degradation to fragments with completely and readily exchangeable hydro- 
gen. The simplest assumption is that direct conjugation of dietary glucose 
molecules to glycogen takes place. 

In similar studies conducted on a rat rendered diabetic with alloxan it 
was observed that the glycogen, both in liver and in muscle, though reduced 
in quantity, was richer in deuterium than in the corresponding non-diabetic 
animals (3). This finding was taken to mean that the type of glycogenesis 
favored by insulin was the direct conjugation of glucose, which involves 
the introduction of little or no isotope, and that the process persisting i 
the diabetic animal was glycogenesis from smaller fragments involving the 
incorporation of much deuterium from the body fluids. 

Two experiments have now been completed in which the converse effect, 
the effect of extra insulin upon normal animals, has been studied. Insulin 
in appropriate dosage was injected into previously fasted rats with the 
simultaneous administration of glucose on the one hand and lactate on the 
other. In neither instance was there any increase in quantity of liver glyco- 
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gen over fasting levels, a finding which, in the case of the lactate feeding, is 
in accord with the recent report of Kaplan and Greenberg (6). The 
amounts of liver glycogen recovered were too small to permit of deuterium 
analysis. 

The muscle glycogen in both experiments was markedly increased in 
quantity over the fasting levels, about 7-fold when glucose was fed and 
more than’ 3-fold when lactate was fed. In relation to the tremendous 
increases in quantity of glycogen in the muscle, the concentrations of deu- 
terium in these samples were quite low. The inference that the extra 
glycogen deposited in the muscle in response to insulin was very poor in 
isotope, considered together with the earlier results, confirms the belief 


TABLE | 
Deuterium Concentrations in Glycogen and Fatty Acids of Previously Fasted Rats 
Treated with Adrenalin and with Insulin 
Six adult female rats in each group were fasted for 24 hours and then given D,O 
1 hour later insulin or adrenalin was injected and glucose or lactate 








subcutaneously. 
fed by stomach tube in dosages indicated in the text. The rats were killed 3 hours 
thereafter. 
The results are expressed in atom per cent deuterium. 
: Liver Depot 
. Body Liver Carcass 
Trestment water glycogen | glycogen bes — 
Adrenalin ' 1.28 | 0.720 | 0.016 | 0.007 
Insulin + glucose 1.30 0.276 0.007 | 0.000 
+ lactate 1.19 0.338 0.007 | 0.006 





that the process favored by insulin, the process impeded in diabetes, is the 
direct utilization of hexose for glycogenesis. 

In the diabetic animal a second observed defect was the marked retarda- 
tion of fatty acid synthesis, lipogenesis (3). We have therefore sought for 
conditions under which the converse of this effect, stimulation of lipogenesis 
in response to administered insulin, would be manifest. Whereas increased 
lipogenesis in the liver might or might not result in an increase in the 
quantity of fatty acid in the liver, depending on the integrity of the fat 
transport systems, in our type of experiment it would almost necessarily 
result in an increase in the deuterium concentration in the liver fatty acids. 
The failure to find such an increase in the liver fatty acids of the normal 
rats receiving insulin, as compared with others that received no insulin 
(Table IT), indicates that no great increase in fatty acid synthesis could have 
occurred in the livers of these animals. 

Alloxzan-Diabetic Rat on Glucose-Free Diet—We have previously shown 
that a rat rendered diabetic with alloxan, kept on a high carbohydrate diet, 
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incorporated deuterium from body water into glycogen of both liver apg 
muscle at an increased rate, indicating active glycogenesis largely frog 


fragments smaller than hexose. The synthesis of fatty acids, on the othe 


TABLE II 





Uptake of Deuterium in Glycogen and in Fatty Acids of Previously Fasted Rats 


The data in Table I have been recalculated on the basis of per cent of D in the bods 
water and are here compared with previously published results (2 
I ver Depot 
Liver glycogen Carcass glycogen itty fatty 
Treatment acids acids 
Weig! D Weight D D D 
per ceni PQ - per cent per cen per cent 
per cent | of bod ar fsa f body f bod of body 
of liver rd 4 
walter water water water 
None* 0.04 25.1 0.011 11.9 0.3 1.2 
Lactate* 0.21 57.0 0.012 15.4 yy 2.2 
Adrenalin 0.37 56.2 L.e 0.5 
Glucose* 0.82 38.1 14.2 1.2 0.9 
Insulin + glucose 0.03 0.074 21.2 0.5 0.6 
+ lactate 0.01 0.038 28 . 4 0.6 0.5 


* Boxer and Stetten (2 


Taste III 
Uptake of Deuterium in Glycogen and in Fatty Acids of Diabetic Rats 


Adult rats rendered diabetic with alloxan or treated with phlorhizin have been 
maintained for 56 hours with elevated D.O concentration in their body fluids. The 


— 


diets fed contained, on the one hand, 60 per cent of carbohydrate, and on the other 


60 per cent of dl-alanine and no carbohydrate ' 
Alloxan diabetes,* Alloxan diabetes, Phiorhizin poisoning, 
carbohydrate diet alanine diet carbohydrate diet 

Weight D D Weight D D Weight D D 
aiom = per cenit , per cent ston per cent 
cm per of body gm Pn -” »f bod gm . ~ t of bedy 
cent water er Cent) ‘water pelle | waler 
sody water 2.32 |100.0 1.69 |100.0 1.78 {100.0 

Liver fatty acids 0.164 (0.212 9.1 |0.200 (0.092 5.4 | 0.193/0.302 | 17.0 

Depot ‘ _ 1.154 |0.209 | 9.0 |5.4 0.048 2.8 16.4 [0.128 | 7.2 

Liver glycogen 0.124 (1.00 13.1 (0.067 |0.937 | 55.5 | 0.093)0.285 16.1 

Carcass glycogen 0.290 {0.518 | 22.3 (0.255 |0.224 | 13.3 | 0.233)0.162 | 9.1 


— 





* Stetten and Boxer (3). 


hand, was markedly retarded in that the diabetic rat synthesized only about 
0.1 gm. of fatty acids daily, whereas the normal rat would synthesize almost 
2.0 gm. (3). It is now well established that normal rats on high carbohy- 
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drate diets synthesize large amounts of fatty acids daily (7) and it is not 
surprising, therefore, that as “total diabetes” is approached and the metab- 
olism of glucose in general is impaired, the utilization of glucose in lipo- 
genesis should also be retarded. 

We have now performed on a diabetic rat a second experiment in which, 
however, no glucose was added to the diet. In its place 60 per cent of 
dl-alanine, a known glucogenic amino acid (8), was added. When an 
alloxan-poisoned rat, exhibiting approximately the same degree of 
glucosuria as that used previously, was placed on the alanine diet, a prompt 
diminution in glucosuria was noted. The animal was maintained for 56 
hours with an elevation of DO in its body fluids and the tissues were then 
investigated precisely as before (3). 

Although somewhat more depot fat persisted in this animal than in the 
earlier one (Table III), the deuterium concentrations in the fatty acids 
of both liver and depot were extraordinarily low. Calculating as we have 
previously, 

2X 5.4 X00 2 X 2.8 X 5.4 = 0.324 gm. 
100 100 
of newly synthesized fatty acids was deposited in 56 hours, or 
0.14 gm. per day. This value is close to the value of 0.10 gm. per day 
deposited by the diabetic rat on a high carbohydrate diet and in contrast 
to the 1.9 gm. deposited daily by the normal, non-diabetic rat. It may 


therefore be concluded that, in the rat rendered diabetic with alloxan, ° 


lipogenesis is impeded regardless of whether glucose or alanine constitutes 
the bulk of the diet. 

In contrast to the fatty acids, the glycogen samples from this rat were 
very rich in isotope. The liver glycogen once again is seen to approach the 
theoretically maximal value, reaching 55.5 per cent of that in the body 
water. In view of the expérience when lactate was fed, it was to be ex- 
pected that during glycogenesis in rats on a diet composed predominantly 
of alanine, practically all of the hydrogen atoms should achieve equilibrium 
with the labeled body water. 

After this rat was placed on the alanine diet, the urine contained but 
little glucose. However, some could be isolated from the pooled specimen 
for the 56 hours of observation. Employing methods previously described 
(3), we have calculated the quantity of urinary glucose that was synthesized 
in vivo, and, as shown in Table IV, about 50 per cent of the glucose excreted 
was thus synthesized from smalier fragments during the period of observa- 
tion. 

Utilization of Dietary Carbohydrate by Phlorhizinized Rat—By way of 
contrast, a rat was rendered ‘diabetic’ by the daily administration of 
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598 CARBOHYDRATE METABOLISM. V 
phlorhizin and was studied by the same procedures while maintained on, 
60 per cent carbohydrate diet. Whereas very high concentrations of urp. 
ary glucose were attained, the polyuria seen in alloxan diabetes did ng 
occur, nor did the striking loss of depot fat. The body fluids were enriche 
with D.O for 56 hours prior to death, as in the other experiments with 
diabetic rats. 

Despite the glucosuria, this rat analytically resembled closely the normal 
rat on an equivalent diet. The deuterium concentrations in the fatty acids 
and glycogen of liver and of carcass were very near to what would be e. 
pected in the normal animal, as may be seen by comparison with 


TaBLe IV 
Isotopic Composition of Urinary Glucose 
From the urine of rats rendered diabetic with alloxan or treated with phlorhizin 
and maintained with an elevated D.O concentration in their body fluids, glucose has 
been isolated as the pentaacetate and analyzed for D. The urine samples wer 
pooled urine collected during the 56 hours following the initiation of D,O admin. 
istration. 























Experiment a. Urine glucose == D in glucose a 
atom atom per 
| S| om | ge | oe fey] om | 
Alloxan diabetes, carbohy 284 5.3 | 14.2 | 2.00 0.288 | 14.4 | 3.6 | 4 
drate diet* 
Alloxan diabetes, alanine diet | 155 0.2; 0.3 | 1.61 (0.465 | 28.8 | 0.15 | 405 
Phlorhizin poisoning, carbo- 24 13.8 3.3 | 1.38 (0.282 | 20.4 /|1.2 | 34 


hydrate diet 





* Stetten and Boxer (3). 

interpolated values for 56 hours from our normal data (1). The concentr- 
tions of deuterium expected in normal rats on this diet after 56 hours would 
be about 22 per cent in the liver fatty acids, 23 per cent in the liver glycogen, 
and 9 per cent in the carcass glycogen. The corresponding values obtained 
in the phlorhizinized rat (Table III) were 17, 16, and 9 per cent respectively. 
That fatty acid synthesis may have been somewhat impaired is suggested 
by the fact that the calculated quantity of freshly synthesized fatty acid 
deposited, 


2x7.2X164_,, 
100 «.40 £m. 





2 X 17.0 X 0.193 
100 a 


in 56 hours, or about 1 gm. per day, is less than the corresponding value for 
the normal animal. The decrease, however, is unimpressive compared 
with the decrease in fatty acid synthesis seen in the alloxan-diabetic rats. 
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The urinary glucose of the phlorhizinized rat was also found to contain 
deuterium. In view of the previously reported findings with galactose 
(4), we feel reasonably confident in assigning the deuterium in the urinary 
glucose to in vivo synthetic reactions, and on this basis it may be calculated 
that about 35 per cent of the glucose present in this urine sample was syn- 
thesized by the rat. The alloxan-diabetic rat on the same diet synthesized 
about 25 per cent of its urinary glucose (Table IV). 

These figures are taken to mean that both rats synthesized from 25 to 
35 per cent as much glucose each day as they derived from their diet. The 
dietary and the synthetic glucose were mixed and a portion of the mixture 
appeared in the urine. As these rats consumed daily 12 to 15 gm. of dietary 
glucose, a synthesis of 3 to 5 gm. of glucose daily must be postulated. This 
synthesis we believe to be essentially normal gluconeogenesis. Excessive 
gluconeogenesis, ‘“‘overproduction,’’ cannot be invoked to account for the 
glucosuria of alloxan diabetes unless one is willing to assume a similar 
“overproduction”’ in the phlorhizinized rat. For such an assumption there 
is, we believe, no foundation. 

Lipogenesis in Hypoinsulinism—The apparent failure of the alloxan- 
diabetic rat to deposit newly synthesized fatty acids in the fats of its body 
is reminiscent of our experience with the thiamine-deficient rat (9). Here 
also it could be shown by the deuterium technique that the ability to 
synthesize fatty acids from the ingredients of a high carbohydrate diet is 
largely lost, and this finding fits nicely into the concept of the thiamine- 
sparing action of fat and the well substantiated improvement in condition 
of thiamine-deficient animals following the isocaloric substitution of fat for 
carbohydrate (10). 

The recent observation of Burn, Lewis, and Kelsey (11) that alloxan- 
diabetic rats fared better on high fat than on low fat diets suggests that fat 
exerts a sparing action upon insulin, much as it does upon thiamine. This 
insulin-sparing action is of course subject to the limitation of ketosis, but to 
this complication rats appear to be unusually resistant. It is noteworthy, 
however, that both in thiamine deficiency and in hypoinsulinism increase 
of the fat content of the diet at the expense of carbohydrate is followed by 
improvement and, from our evidence, both thiamine and insulin appear 
to be essential for the optimal synthesis of fatty acids by rats on a high 
carbohydrate diet. 


EXPERIMENTAL 
Three experiments have been carried out on fasted rats, a group of six 
rats being employed in each experiment. The time schedule of prior experi- 
ments (2) was strictly adhered to. Adult female rats of the Sherman 
strain, previously maintained on stock diet and weighing on the average 
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200 gm., were deprived of all food for 24 hours, water being allowed aj 
libitum. Each rat was then given a subcutaneous injection of 99.5 per cent 
D,O containing 0.9 per cent of NaCl, 1 cc. per 100 gm. of body weight, 
1 hour thereafter each rat of the first group was given 0.1 cc. of an adrenalip 
solution, 1:5000, per 100 gm. of body weight. Each rat of the second group 
was given 250 mg. of glucose in 1.25 cc. of water by stomach tube imme. 
diately followed by the subcutaneous injection of 10 units of insulin per 1) 
gm. of body weight. To each rat of the third group, 400 mg. of dl-lactie 
acid, half neutralized with NaOH and dissolved in 1.25 cc., were fed by 
stomach tube, followed by the injection of 4 units of insulin per 100 gm. 
of body weight. 4 hours after the administration of D,O, 3 hours after the 
treatment and tube feedings, the rats were killed by a blow on the head, 
the livers removed, the carcasses eviscerated, and the livers and carcasses 
worked up for glycogen and fatty acids as previously described (2). 

Each of three male adult rats was given a single subcutaneous injection 
of alloxan monohydrate, 20 mg. per 100 gm. of body weight. The diet was 
the 60 per cent corn-starch diet that had previously been employed with 
alloxan-diabetic rats (3), and, as in the earlier experiment, the drinking 
water was replaced by 5 per cent glucose solution for the first 24 hours after 
administration of alloxan. Two of the rats died in 2 days, apparently not 
in severe ketosis. The surviving animal lost about 10 per cent of his initial 
body weight in 2 days but thereafter the weight remained constant at 
347 + 7 gm. Food and water were allowed ad libitum, and 3 to 7 gm. of 
glucose were found daily in a urine volume of 100 to 150 cc. A faint test 
for acetone was present on the 2nd day, but thereafter no ketonuria was 
detected. 

On the 6th day the diet was changed to one comprising 60 parts of dl- 
alanine, 22 parts of casein (Labco, vitamin-free), and 6 parts each of yeast 
powder, salt mixture (12), and roughage (Celluration). An immediate 
decrease in the glucosuria was noted. The following day 99.5 per cent D,0 
was injected, 1 cc. per 100 gm. of body weight, and the drinking water was 
replaced by 2.0 per cent DO. 56 hours later the rat was killed and the 
tissues analyzed as before. The total urine volume during this 56 hour 
interval was 155 cc. and contained only 0.3 gm. of glucose. This was 
isolated as the osazone for deuterium analysis. 

One adult male rat, maintained on a 60 per cent corn-starch diet (3), 
was given phlorhizin by the daily injection of 0.01 gm. of phlorhizin mn 
sesame oil per 100 gm. of body weight. The daily urine volume averaged 
7 ec. and contained 0.7 to 1.7 gm. of glucose. After approximately constant 
weight had been attained, D,O was injected and administered in the drink- 
ing water over a period of 56 hours, as in the previous experiment, with 
the one difference that the drinking water supplied contained 2.5 per cent 
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of DO. The urine collected over this period contained 3.3 gm. of glucose, 
which was isolated as the pentaacetate (3). The remainder of the pro- 
cedure was precisely as in the previous experiment. 

The evidence accumulated thus far for the non-exchangeable nature of the 
carbon-bound hydrogen atoms of carbohydrate under a variety of condi- 
tions has been summarized in an earlier paper (4). We now have additional 
evidence indicating the stability of these carbon to hydrogen bonds in acid 
solution. A sample of glycogen containing 0.320 atom per cent deuterium 
was obtained from the liver of a rabbit which had received D.O. A portion 
of this material was heated to 100° for 1 hour in n H,SO,, and, after removal 
of the acid, glucose was isolated from the hydrolysis mixture as the penta- 
acetate. This product contained 0.168 atom per cent D. 

Assuming the deuterium initially present to have been distributed in the 
66 per cent of stable positions, the actual concentration in these positions 
may be estimated as 0.320 X 100/66 = 0.49 atom percent. The deuterium 
concentration in the 7 stable positions of the glucose may be computed from 
the analysis of the pentaacetate, 0.168" 22/7 = 0.53 atom per cent. From 
this it may be concluded that none of the deuterium present in the glycogen 
sample isolated was lost by exchange during the treatment with hot acid. 


SUMMARY 


The formation of glycogen in the previously fasted rat in response to 
adrenalin and to insulin has been studied by the isotope technique. The 
data secured support the hypothesis that the glycogen appearing in the 
liver of a fasted rat after injection of adrenalin is formed from blood lactate. 
The glycogen appearing in the muscle of rats after administration of insulin 
is apparently formed largely from hexose directly. 

The failure of lipogenesis in the alloxan-diabetic rat has been confirmed. 
The synthesis of fatty acids has been shown to be markedly impaired, 
whether glucose or alanine constitutes the bulk of the diet. No comparable 
impairment in lipogenesis was found to occur in the phlorhizinized rat. 

The quantity of glucose synthesized in vivo in the alloxan-diabetic rat 
is no greater than the corresponding quantity in the phlorhizinized rat. 
The actual quantity in an adult male rat has been estimated to lie in the 
neighborhood of 3 to 5 gm. per day. 
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THE OCCURRENCE OF DICHOLESTERYL ETHER IN 
‘THE SPINAL CORD OF THE OX (BOS TAURUS) 


By HENRYK SILBERMAN* anv SOFIA SILBERMAN-MARTYNCEWA 
(Received for publication, May 14, 1945) 


Dicholesteryl ether was prepared for the first time from cholesterol by 
dehydration with anhydrous copper sulfate by Mauthner and Suida (1) in 
1896. Bills and McDonald (2) (see also for a compreherisive survey of 
previous literature) prepared dicholesteryl ether by heating cholesterol 
with different catalysts and they also recorded its chemical and physical 
constants in detail. 

A search of the literature reveals that there is no record of the separation 
of dicholesteryl ether from natural sources. 

In the preparation of cholesterol from animal brains it was noticed that 
when spinal cord was substituted for brain as the starting material, the 
cholesterol recovered could not be purified by repeated crystallizations from 
boiling aleohol, as could easily be accomplished in the case of the cholesterol 
recovered from brain. Even after eight to ten crystallizations there re- 
mained in the cholesterol an impurity which caused a sintering of the mate- 
rial at a temperature of about 137-140°, and after the material was melted 
the liquid remained turbid even at 160-170°. A thorough investigation of 
the cholesterol prepared from spinal cord revealed that the impurity con- 
sisted of dicholesteryl ether which was identified by analysis and its physical 
constants. 

The spinal cord of young cattle was dried on flat trays for 8 to 12 hours at 
65-75° under reduced pressure of 30 to 40 mm. of Hg. The completely 
dried material was extracted continuously for 12 hours with hot alcohol. 
The solvent was removed by evaporation under reduced pressure. The 
residue was repeatedly extracted with warm acetone. After removal of the 
solvent the remaining cholesterol was recrystallized twice from boiling 
alcohol. To separate the dicholesteryl ether from the bulk of cholesterol 
the white crystalline material was repeatedly treated with hot acetone. 
The residue, a white microcrystalline powder, was further purified by ex- 
traction with ether to remove the last traces of cholesterol, and then 
crystallized by dissolving in hot benzene, treating with charcoal, filtering, 
and precipitating by adding absolute alcohol. The separated white crystal- 
line powder was filtered off after cooling and washed with cold alcohol. A 
further crop of the material was recovered by evaporating the benzene- 


*Ermington, New South Wales, Sydney, Australia. 
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alcohol solvent mixture, and replacing the evaporated benzene by alcoho 
The substance was dried over PO; in vacuo at 70-75°. It melts (afte 
sintering at 190-200°) at 205-209°. It is soluble in boiling benzene, toy. 
ene, and alcohol, slightly soluble in cold benzene or toluene, and yep 
slightly soluble in cold alcohol, warm ether, and acetone. 

18.3 mg. of the substance (dried over P.O; at 70° and 12 mm. of Hg! 


gave 57.6 mg. of CO» and 20.6 mg. of HO. 
CuHwO. Calculated, C 85.93, H 11.93; found, C 85.81, H 12.5 


| 

For further identification the tetrabromide (3) was prepared by discov 

1 gm. of the dicholesteryl ether in 60 cc. of dry CHCl;, and adding 0, | 
gm. of bromine dissolved in 5 cc. of the same solvent. After standing fy! 
6 hours, the clear cherry-red solution was evaporated at ordinary tempen-| 
ture under a vacuum to remove the solvent and the excess bromine. The| 
residue, a yellow resin, was dissolved in 4 to 5 cc.of CHCl; and precipitatel/ 
by adding methanol. The white flocculent precipitate was filtered afte’ 
standing 24 hours and washed with methanol. The material when heate| 
in a capillary tube (after drying in vacuo) turns yellow-brown at lit} 
130° and melts with decomposition at 166-168° (Levin, m.p. 164-166 
with decomposition). 


SUMMARY 
The quantity of the dicholesteryl ether isolated from the spinal con 
amounts to about 1.5 to 2 per cent of the weight of the dry starting materia 
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THE DIETARY PRODUCTION OF FATTY LIVERS RESISTANT 
TO THE ACTION OF CHOLINE 


By M. L. MacFARLAND anp E. W. McHENRY 


(From the School of Hygiene, University of Toronto, Toronto, Canada) 


(Received for publication, May 14, 1945) 


In 1940 it was reported from this laboratory (1) that the administration 
to rats of a beef liver fraction, in conjunction with several B vitamins, 
caused the production of fatty livers, high in cholesterol, resistant to the 
lipotropic action of choline, but preventable by lipocaic. Inositol was 
found to be lipotropic for the fatty liver thus produced (2). Subsequently 
it was stated (3) that the liver fraction could be replaced by biotin; at that 
time, however, practically all of the investigation was carried out with a 
relatively crude solution of biotin, pure biotin being available for one group 
of rats only. Pure biotin produced fatty livers containing large amounts 
of cholesterol and they appeared to resemble the ones caused by the beef 
liver fraction or by impure solutions of biotin. Consequently, this kind of 
fatty liver (resistant to choline) has been referred to as the “biotin” type. 
Recently we have had an opportunity to investigate more thoroughly the 
production of this kind of fatty liver. It would appear that pure biotin 
produces a fatty liver only partially resistant to choline and that the beef 
liver fraction contains a substance, other than biotin, which causes a more 
complete resistance to choline. 


Methods 


Rats were employed as test animals. The strain, age, and care were the 
same as previously described (4). To deplete the rats of their stores of B 
vitamins and of fat, they were maintained for 3 weeks on a fat-free, B vita- 
min-free basal diet (4). At the end of this period body weight and body 
fat had diminished markedly. During the following week various combina- 
tions of supplements were supplied to different groups. Thiamine, ribo- 
flavin, pyridoxine, calcium pantothenate, and biotin were given by sub- 
cutaneous injection. Supplements other than these were mixed with the 
food. The amounts of various supplements supplied per rat per day were as 
follows: thiamine hydrochloride (Merck) 25 y, riboflavin (Merck) 25 y, 
pyridoxine hydrochloride (Merck) 40 y, calcium pantothenate (Merck) 
100 y, choline hydrochloride (Merck) 10 or 20 mg. as indicated, biotin 
(S. M. A.) 5 , inositol (S. M. A.) 10 or 20 mg. as indicated, and beef liver 
fraction (Connaught Laboratories) 2 cc. The liver fraction was similar to 
that usea previously (5). 
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The rats were anesthetized with nembutal, the livers removed, and the 
total crude fatty acids in the livers and bodies were determined by methods 
previously published (4,6). The total cholesterol content of the livers and 
bodies was measured by means of the procedure of Schoenheimer and Sperry 
(7) and the iodine numbers of the crude fatty acids were determined by the 
method of Yasuda (8). All reported results are averages for groups of ten 


rats. 
Results 


The effects of a beef liver fraction in causing fatty livers in rats have been 
repeatedly confirmed in this laboratory. For the present purpose it was 
advisable to demonstrate the effect again under conditions comparable to 
those in which biotin was used. The experiment with biotin was repeated 
twice and entirely similar results were secured on each occasion; for brevity 
only one set of results is given. Table I shows the data secured by the use 
of beef liver fraction and with biotin. 

DISCUSSION 

As in a number of similar experiments, the administration of the beef 
liver fraction, in conjunction with several B vitamins, caused the production 
of acutely fatty livers in rats maintained on a high carbohydrate, fat-free 
ration. There was evidence of synthesis of large amounts of fat and of 
considerable cholesterol. Choline, at the dosage levels used, caused negligi- 
ble changes in the concentration and in the absolute amounts of fat and of 
cholesterol in the liver. Given in the same amounts as used for choline, 
inositol produced marked reductions in liver fat and cholesterol. The 
effect of a combination of choline and inositol is similar to that produced 
by the same amount of inositol alone. It is obvious that inositol is effective 
in preventing the fatty liver caused by the beef liver fraction, while choline 
is not. 

In the case of three similar experiments, one of which has been reported 
above, biotin has produced acutely fatty livers, but the cholesterol is less 
than when liver fraction was supplied. Both choline and inositol are 
partially effective as lipotropic agents for the fatty livers produced with 
biotin and a combination of the two is much more effective than 
like amounts of the two substances given separately. As judged by the 
action of these lipotropic agents, the fatty liver caused by biotin is definitely 
different from that obtained with the beef liver fraction. The term “biotin 
fatty liver” should be restricted and is not applicable, as we had assumed 
previously (9), to fatty livers caused by the beef liver fraction. 

In an earlier paper (2) attention was drawn to the action of inositol in 
causing a marked decrease in liver cholesterol. Such is the case when liver 
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fraction is supplied but in the biotin experiments both choline and inositg] 
exerted an effect upon the cholesterol content of the liver. Reference | 
has been made (1) to the synthesis of cholesterol which occurs in exper. | 
ments such as the present one. It is not clear whether a particular gop. | 
stituent of the diet promotes the synthesis of cholesterol or whether cho. 
lesterol is formed as an accompaniment to fat synthesis. It is also doubtfy 
whether a particular lipotropic agent causes the removal of cholesterol from 
the liver or whether the amount of cholesterol is reduced because it is rm. | 
moved with fatty acids. In the biotin experiment the second alternative 
seems plausible. Beveridge and Lucas (10) reported that, under the cond- 
tions used by them, choline produced greater decreases in liver cholestero] 
than did inositol. It would appear that liver cholesterol is reduced whe 
the total amount of fat is diminished and that a lipotropic agent is effective 
for cholesterol when it definitely reduces the amount of fatty acids in the 
liver. 

An explanation for the difference in the actions of the two lipotropie | 
factors cannot be supplied at present. Some of the conditions whid 
alter the response were indicated in a report from this laboratory in 198 
(11). Choline was found to be effective for ‘‘thiamine fatty livers,” while 
inositol was not; inositol was active for “biotin fatty livers’”’ (a term then 
incorrectly used), while choline was inactive. It would appear that inositol 
becomes effective when several B vitamins are supplied. Recently 
Beveridge and Lucas have reported (10) that the inclusion of corn oil in 
the diet prevents inositol from exerting a lipotropic effect. It was suggested 
in a review from this laboratory (12) that choline will combine with certain 
fatty acids, while inositol selects quite different ones. It should be noted 
that the iodine number of the crude fatty acids in the liver is somewhat 
greater when liver fraction is given than when biotin is supplied. When 





inositol is fully active (as in Rat Group 230), the iodine number of the 
liver fatty acids is definitely increased. This can hardly be taken to mem 
that inositol has combined with saturated fatty acids and caused ther 
removal from the liver, since there appears to be an increase in the iodine 





number of liver fatty acids whenever a lipotropic agent has been active 
and has produced a turnover of fatty acids. A comparison of the fatty 
acids present in the livers of rats with and without a supply of beef liver | 
fraction (13) showed that the liver fraction causes a decrease in the concel- 
tration of saturated fatty acids and an increase in unsaturated ones, partict- 
larly of oleic acid. A similar study has not yet been made on the liversd 
rats given biotin. 

The constituent of the liver fraction which causes the alteration in the| 
response to the lipotropic factors is unknown at present. The liver fraction | 
is known to contain most of the B vitamins as well as folic acid and other 
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nosital | substances. On the basis of previous work (11) many of these can be 
crea eliminated as causative agents (thiamine, riboflavin, pyridoxine, panto- 
xpee | thenic acid). It should be pointed out that the liver fraction contains no 
T COD} cholesterol. Attempts to identify the active constituent are in progress. 


ubtful SUMMARY 


| from The administration of a beef liver fraction to rats maintained on a high 

— | carbohydrate, fat-free diet causes the production of fatty livers resistant to 

naive choline, but the liver fat can be reduced to low levels by supplying inositol. 
condi- | The use of biotin in place of the liver fraction causes fatty livers which are 
sterol partially responsive to either lipotropic agent and completely prevented by 
whea a conjoint supply of choline and inositol. 





in the This investigation was made possible by grants from the Division of 
_| Natural Sciences of the Rockefeller Foundation and from the Connaught 
tropic} [sboratories, University of Toronto. 
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TRYPTOPHANE UTILIZATION AND SYNTHESIS BY STRAINS OF 
LACTOBACILLUS ARABINOSUS 


By LEMUEL D. WRIGHT anp HELEN R, SKEGGS 


(From the Nutritional Laboratories, Department of Pharmacology, Medical-Research 
Division, Sharp and Dohme, Inc., Glenolden) 


(Received for publication, April 9, 1945) 


The amino acid requirements of Lactobacillus arabinosus 17-5 have been 
the subject of several recent studies (1). Although tryptophane is usually 
considered an essential amino acid for the growth of this organism, Snell 
has shown (2) that Lactobacillus arabinosus may utilize indole or anthranilic 
acid in lieu of tryptophane. These observations are in accord with the 
view that the synthesis of tryptophane in nature proceeds through 
anthranilic acid and indole as intermediates (2, 3). 

We have been able to produce strains of Lactobacillus arabinosus that no 
longer require tryptophane and are capable of seemingly indefinite growth 
on transfer in a completely synthetic medium entirely lacking in trypto- 
phane or its known precursors. Although capable of excellent growth in 
such a medium, the altered strains do, however, respond to tryptophane and 
its intermediates in a unique manner. These observations are reported 
because of their relationship to the microbiological assay of amino acids 
and to bacterial metabolism in general. 


EXPERIMENTAL 


The compositions of the media employed are given in Table I. In 
certain lots of casein hydrolysate, the tryptophane was not completely 
destroyed by acid hydrolysis. The addition of formaldehyde (1 ml. of 
formalin to 50 gm. of casein) to the hydrolyzing mixture resulted in a 
product entirely free from tryptophane, as evidenced by microbiological 
assay with the parent strain of Lactobacillus arabinosus. 

The techniques employed throughout this study were those commonly 
used in microbiological assays with lactic acid bacteria (5). 

The altered strains of Lactobacillus arabinosus were produced by trans- 
ferring the parent organism daily in Medium a to which 2 y of tryptophane 
per 10 ml. had been added. This medium is seriously deficient in trypto- 
phane and consequently at first permitted only poor growth. After transfer 
in such a deficient medium for about a week, strains were developed that 
were capable of growing well in the presence of the low level of tryptophane. 
Growth then readily resulted upon transfer to Medium a containing no 
added tryptophane. The altered strains were maintained by frequent 
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transfer in Medium a or b. Medium ), consisting only of purified amino 
acids as a source of nitrogen, was equally effective in promoting growth 
of the altered strains and thus excluded the possibility that growth in 
unsupplemented Medium a was due to a utilization by the altered strains 
of possible breakdown products of tryptophane produced during acid 
hydrolysis of the casein. Medium a was consequently used in the subse. 


Tasie I 
Composition of Media Employed * 














Component | Medium a | Medium 4 

Acid-hydrolyzed casein (4), gm....... ee Soe, Si ee 10 | 
USE Cea E OR bc 5 TAUUE DUS eu Ca Satoh ovediveses | 200 | 400 
Glucose, gm.. pledensewedds & a edhumeaane 40 | 20 
Sodium acetate, 3H.0, eS oe wana 20 12 
Adenine, mg.. ene can bmae? Liven ecal 10 100 
Guanine, mg............... ) yer eee 10 100 
PE, One cc cc ccsesces: A A ne ol A 10 100 
acute Rabin Sea ae Seis Pate das ove 10 | 100 
dl-Alanine, l-arginine, dl-aspartic acid, /-glutamic acid, gly- 

cine, dl-histidine, l-hydroxyproline, dl-isoleucine, l-leucine, | 

l-lysine, dl-methionine, dl-phenylalanine, /-proline, dl. | 

serine, dl-threonine, l-tyrosine, dl-valine, mg. of each Ras 400 
Thiamine chloride, mg..................00.0.-.cceeceeccees Jd o> iy 
NOLL, CMEC, . au bUL Obuiwiewoe. BUSS vs. ipivedteaws 2 2 
ee I MOR os. oc ot vein ees whe depend ee babes 2 | 2 
Nicotinic acid, mg.. itih@eabarorsas 2 2 
Pyridoxine hydrochloride, ee ee 4 4 
es os ccde bhenaeetsscdgerasecigseps 1 | 1 
a ay ee All ly alt I ae Peay yen oH By Fer 10 | 10 
LO, SUC. Ckoa Ge ueAE Led asc cobeens ssa tis EG 10 | 10 
IE St hee, Se i bas asi |b... owawlendyes Ln a oe | 10 
pH ET aS ee a a a ee : ° | 








* The quantities given are those employed in preparing 1 liter of double strength 
medium. The figures in parentheses are bibliographical references. 


quent experiments with the altered strains because of its greater 
convenience. 

Bacterial growth has been expressed quantitatively as turbidity readings 
obtained with the Klett-Summerson photoelectric colorimeter, 540 u filter, 
after 24 hours of growth, or as ml. of 0.1 N acid produced in each 10 ml. of 
culture after 72 hours of growth. 

The responses to indole and anthranilic acid are expressed in terms of 
tryptophane. Consequently the curves in each figure are comparable 
with each other on a molar basis. 

Fig. 1 illustrates a typical response of the unaltered Lactobacillus arab- 
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inosus to increasing amounts of tryptophane, indole, or anthranilic acid 
after approximately 24 hours of growth. 

Fig. 2 is representative of the growth response of the altered strains of 
Lactobacillus arabinosus to increasing amounts of tryptophane, indole, or 
anthranilic acid after 24 hours of growth. 
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Fic. 1. Response of the parent strain of Lactobacillus arabinosus to (Curve 1) 
tryptophane, (Curve 2) indole, and (Curve 3) anthranilic acid after 24 hours of growth. 
Medium a was used. 

Fic. 2. Response of an altered strain of Lactobacillus arabinosus to (Curve 1) 
tryptophane, (Curve 2) indole, and (Curve3) anthranilic acid after 24 hours of growth. 
Medium a was used. 


In Fig. 3 is given the response of the parent strain and an altered strain 
of Lactobacillus arabinosus to tryptophane, indole, or anthranilic acid after 
approximately 72 hours of growth. In this experiment the test was pre- 
pared in duplicate. One series was seeded with the parent strain while 
the second series was seeded with an inoculum of approximately equal 
density of an altered strain. 


DISCUSSION 


The ability of the altered strains of Lactobacillus arabinosus to grow 
without tryptophane in the medium probably is due to an increased syn- 
thetic ability of these strains rather than to any decreased demand for 
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tryptophane. If this is the case, the growth that occurs when the altered 
strains are grown in the presence of tryptophane, or known precursors, 
is the summation of (1) that resulting when tryptophane or other know 
intermediates are utilized to supply the requirement for tryptophane and 
(2) that resulting from the synthesis of tryptophane from unknown pre 


cursors. Provided the inocula with the two organisms are equal, any ip. 
, any in 


crease in growth of the altered strains over that obtained on the | 
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Fic. 3 Fig. 4 
Fic. 3. Response of the parent strain and an altered strain of Lactobacillus ara- 
binosus to (Curve 1) tryptophane, (Curve 2) indole, and (Curve 3) anthranilic aeid 
after 72 hours of growth. Medium a was used. 
Fic. 4. Amount of growth resulting from the bacterial synthesis of tryptophane 
after 72 hours of growth as a function of added tryptophane; (Curve 1) calculated 


curve, (Curve 2) curve for y = a/z. 


same medium with the parent strain may be taken as a measure of the 
amount of growth permitted by the tryptophane synthesis of the altered 
organism. Such a subtraction has been made from the tryptophane data 
of Fig. 3 and plotted against the amount of added tryptophane as the 
abscissa (Fig. 4). Within the range of about 2 to 20 y per tube of added 
tryptophane the curve approximates that of y = a/x. Obviously it must 
deviate from such a curve at low values of x, since bacterial growth is 
arrested by products of metabolism and by the depletion of nutrients. 

Ultimately the amount of tryptophane synthesized in the presence 
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added tryptophane is inversely proportional to that present in the medium. 
In effect, then, the addition of tryptophane to the medium in which the 
altered strain is grown results in the organism depending more on the added 
tryptophane than on its ability to synthesize it. 

Indole and anthranilic acid show less effect in influencing growth. In 
some experiments the rate of growth actually was greater in the presence of 
certain concentrations of indole or anthranilic acid than in the presence of 
an equivalent amount of tryptophane (see Fig. 2). 

The 24 hour growth data with the altered strain (Fig. 2) have shown a 
maximum at 2 to 4 y of added tryptophane per tube. Apparently a certain 
concentration of tryptophane permits an initial population of organisms 
to be built up, which, for the first 24 hours, outgrow those whose growth 
is retarded either by the absence of tryptophane or by the increased 
tendency of the organism to utilize added tryptophane rather than to 
synthesize it. 

The behavior of the altered strains of Lactobacillus arabinosus in response 
to tryptophane may be due to an effect whereby the presence of tryptophane 
inhibits its synthesis by mass action. Possibly the synthesis of trypto- 
phane is due to the existence of adaptive enzymes that are produced only 
in direct proportion to the immediate tryptophane demand. 

Additional experiments have shown that the altered strains of Lacto- 
bacillus arabinosus in the absence of tryptophane are indistinguishable 
from the parent strain in their requirement for leucine, isoleucine, valine, 
cystine, glutamic acid, and pantothenic acid. It would appear, therefore, 
that the ability to synthesize tryptophane by the altered strains of Lacto- 
bacillus arabinosus is not accompanied by an increased capacity to 
synthesize other amino acids essential for the parent organism. The 
requirement for methionine is more pronounced, however, with the altered 
strains than with the parent strain. 

In the use of Lactobacillus arabinosus, or other organisms, in microbiologi- 
cal assays, the possibility should not be overlooked that the nutritive re- 
quirements of the organism may be influenced materially by methods of 
handling. The requirement of Lactobacillus arabinosus for p-amino- 
benzoic acid appears quite variable (6) and the present studies have 
demonstrated the ease with which the requirement for a single amino acid 
may be modified. 


SUMMARY 


1. Strains of Lactobacillus arabinosus that do not require tryptophane, 
indole, or anthranilic acid in the medium readily can be developed. 

2. The response of these strains to tryptophane indicates that, when 
supplied with tryptophane, the organism produces tryptophane in an 
amount inversely proportional to that added. 
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THE VERATRINE ALKALOIDS 


XXIII. THE RING SYSTEM OF RUBIJERVINE AND ISORUBIJERVINE 


By WALTER A. JACOBS anp LYMAN C. CRAIG 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, April 30, 1945) 


In a previous communication (1), it has been shown that rubijervine 
parallels the behavior of solanidine in certain reactions which are best 
explained on the assumption that Ring B is 6-membered, as in the sterols. 
The possibility of a 5-membered ring in other alkaloids of the veratrine 
group was suggested in earlier communications (2) to afford a basis for 
possible interpretations which had been given to certain dehydrogenation 
and oxidation products of these alkaloids, and to explain the failure to 
obtain methyleyclopentenophenanthrene or other phenanthrene derivatives 
from any one of them. It remained, therefore, of importance to study fur- 
ther the remaining alkaloids of the group, or at least such significant 
individual alkaloids as would be representative of the different categories. 
In connection with the rubijervine category, we wish to report our further 
experience with isorubijervine, and also additional data obtained with 
rubijervine itself. 

Our investigation of the isorubijervine isolated from commercial samples 
of Veratrum album and Veratrum viride has shown the identity of the 
alkaloids from both sources. As previously reported, isorubijervine yields 
adigitonide. The alkaloid recovered from the digitonide has proved to be 
indistinguishable from the alkaloid before precipitation with digitonin; 
[a] = +8.5° in absolute ethanol. As in the case of rubijervine, isorubi- 
jervine yielded with copper powder a ketone, isorubijervone, which was 
found to be isomeric with rubijervone. It was characterized by its oxime. 
The same substance was obtained by the Oppenauer method with aluminum 
tertiary butylate (3). On reduction with aluminum isopropylate, the 
ketone was readily transformed to the hydroxyl derivative which was 
presumably a mixture of epimers. From this mixture, on treatment with 
digitonin, a digitonide was obtained from which alloisorubijervine was 
separated; [a]??> = +63° in chloroform solution. This substance gave 
with trichloroacetic acid a gradually developing, deep purple color. The 
same color, and of similar intensity, was obtained from the mixture before 
separation with digitonin. 

Isorubijervine thus paralleled the behavior of rubijervine in yielding an 
jsomer which gives the Rosenheim color reaction, and which can be ex- 
plained on the same basis as the conversion of cholesterol to allocholesterol; 
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i.e., by the shift of the double bond from the original 5,6 position to the 
4,5 position during the formation of the intermediate isorubijervone. 
This interpretation would indicate, therefore, that isorubijervine does not 
carry an angular methyl group on carbon atom 5, and implies that its 
Ring B is 6-membered. 

That the non-nitrogenous portion of isorubijervine possesses the norma] 
sterol ring system is given further support by its behavior on dehydrogena. 
tion with selenium, although a high temperature reaction. However. 
contrary to the usual sterols, no evidence of the production of methyleyelo- 
pentenophenanthrene could be obtained. Instead, a hydrocarbon CyH, 
was isolated as a principal product. In its melting point of 135-136° and 
other properties, it closely agreed with what has been recorded for 1,2. 
cyclopentenophenanthrene (4). This identity was supported by the study 
of its picrate, which melted at 134-135°, and of its trinitrobenzene de 
rivative, which melted at 165—-166°. 

Although 1,2-cyclopentenophenanthrene' was considered in the early 
discussions concerning the exact identity of Diels’ hydrocarbon, it was 
eventually established beyond question that the latter must be 3’-methyl- 
1 ,2-cyclopentenophenanthrene. The actual formation of cyclopenteno- 
phenanthrene as a dehydrogenation product from any natural substance has 
not been recorded, as far as we have been able to find. Its production is of 
special interest in the case of isorubijervine, since its formation would indi- 
cate some structural feature of the alkaloid which interferes with the normal 
shift of the angular methyl! on carbon atom 13, to replace the side chain on 
carbon atom 17 during dehydrogenation. Either the stereochemical con- 
figurations are such as to block this shift, or the second hydroxyl groupof 
the alkaloid is situated on or in the vicinity of the angular methyl group 
or carbon atom 17. The attempt will now be made to check such poss- 


bilities in other ways. At any rate, the formation of cyclopentenophenan- | 


threne can be regarded as evidence for the presence of this ring structurein 
isorubijervine which is just as good as the production of Diels’ hydrocarbon 
in the case of the other sterol derivatives. 

A further study of rubijervine has since shown that the rubijervone 
previously described can be obtained also by the Oppenauer reaction with 
acetone and aluminum tertiary butylate. A repetition of the reduction of 
the ketone with aluminum isopropylate with a larger amount of material 
has led to the separation of allorubijervine and epiallorubijervine from the 
mixture. It has now been found that the previously described substance 
appears to be epiallorubijervine, since it does not give a sparingly soluble 
digitonide. Its rotation is [a]%° = +63° in absolute alcohol. From the 
most soluble fraction of the reaction mixture, a digitonide was obtained, 


1 A review of this subject is very well given by L. F. Fieser (5). 
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and from this a more soluble isomer was isolated which can be interpreted 
as allorubijervine; [a], = +40° in absolute alcohol. Both isomers 
gradually developed pronounced purple colors with trichloroacetic acid. 

The trivial names provisionally adopted for the various substances in 
which the prefix, allo, has been used, were suggested by the analogy to 
allocholesterol. This is a matter of convenience, although perhaps some- 
what confusing in view of the conventional use of allo to distinguish the 
allocholanic from the cholanic series, due to the configuration on carbon 
atom 5. When the structural and configurational correlation of the vera- 
trine bases to one another and to solanidine and the sterols has once been 
completed, it will be possible to assign more rational names based on 
those adopted for the parent unsubstituted saturated hexacyclic tertiary 
and pentacyclic secondary bases. 


EXPERIMENTAL 


Isorubijervine and Digitonin—0.16 gm. of isorubijervine from Veratrum 
viride was dissolved in 24 cc. of 95 per cent alcohol and treated with 48 cc. 
of warm 1 per cent digitonin solution. The digitonide soon began to 
crystallize and after 22 hours was collected with 95 per cent alcohol. 
0.515 gm. was obtained; calculated, 0.64 gm. The substance was dissolved 
in 10 ce. of pyridine and precipitated with several volumes of ether. The 
precipitate was collected with a good volume of ether. The ether solution 
was repeatedly extracted with water to remove pyridine and, after drying, 
was concentrated. All ether was finally replaced with 95 per cent alcohol 
and on careful dilution and heating the alkaloid separated as needles. 
87 mg. were obtained. The substance as previously recorded tended to 
separate at first as needles which contained solvent and melted at 218° or 
as anhydrous smal] prisms which melted at 241-—244°. 


la]> = +8.5° (c = 0.94 in absolute ethanol) 
C2,;HO.N. Calculated, Cc 78.38, H 10.49; found, C 78.61, H 10.30 


0.11 gm. of isorubijervine from Veratrum album gave relatively the 
same yield of digitonide, 0.35 gm. The isorubijervine recovered from the 
latter was indistinguishable in properties from the above alkaloid. 


la]= = +9.4° (c = 1.01 in absolute ethanol) 
Found, C 78.42, H 10.40 


Isorubijervone—A mixture of 1 gm. of isorubijervine (from Veratrum 
viride) with 5 gm. of copper powder was gradually heated at ordinary 
pressure in a sublimation apparatus after removal of air with CO,. The 
heating occurred gradually from 100—-200° during the first 15 minutes for 
removal of solvent and then from 200-290° for an additional 15 minutes. 


ate = 
ew ee eae 





a 
o telie eecreigtntires = é 


pres ee 
ee 
eal itty Re isso 


ee ee oe 
i rt 





ss SE emtatedine 3 
Site 








620 VERATRINE ALKALOIDS. XXIII 


After cooling, the apparatus was exhausted to about 0.1 mm. and the 
temperature was gradually raised in the course of an hour to 290°, during 
which a red-colored sublimate was collected. After removal from the 
condenser with chloroform and concentration, 0.9 gm. of residue was 
obtained which crystallized readily from alcohol as lustrous masses of 
4-sided almost rectangular leaflets. 0.5 gm. was obtained in the first 
crop. The substance did not exhibit a sharp melting point. After re- 
crystallization from alcohol following preliminary sintering and softening, 
it melted above 250°, but crystals persisted to 255°. 
fa]> = +111° (c = 1.07 in pyridine) 
C27HwO.N. Calculated, C 78.77, H 10.05; found, C 78.60, H 9.72 


Isorubijervine from Veratrum album yielded a substance with identical 

properties. 
[a]>5 = +111° (c = 0.98 in pyridine) 
Found, C 78.60, H 9.99 

0.2 gm. of isorubijervine from Veratrum viride was refluxed for 4.5 hours 
in a mixture of 3 cc. of acetone, 6 cc. of benzene, and 5 cc. of a benzene 
solution of 0.35 gm. of aluminum tertiary butylate. The reaction mixture 
was treated with excess dilute alkali and extracted with chloroform. The 
extract after removal of solvent yielded a crystalline residue which in 
turn gave a first fraction of 0.11 gm. of colorless leaflets from alcohol. 
In melting point and other properties, the substance was indistinguishable 
from that obtained with copper. 

fa]> = +109.5° (c = 0.86 in pyridine) 
Found, C 78.46, H 9.95 

The oxime was readily obtained from the keto base in dilute aqueous 
acetic acid solution with hydroxylamine hydrochloride and sodium acetate. 
A salt of the oxime soon separated. After liberation from the latter 
with alkali and extraction with chloroform, the oxime was obtained from 
95 per cent alcohol as small prisms which softened to a melt with slow 
effervescence at 250-254° after preliminary discoloration. 


Cz7He@O2N2. Calculated, C 75.99, H 9.93; found, C 75.75, H 10.00 


Alloisorubijervine—0).25 gm. of isorubijervone was refluxed for 22 hours 
with aluminum isopropylate prepared from 1 gm. of aluminum foil and 
worked up essentially as previously described in the case of allorubijervine. 
The ether extracts after concentration yielded 0.14 gm. of nearly rectangular 
plates or broad needles, which from the melting point was an obvious mix- 
ture. Under the microscope it sintered above 200° and showed signs of 
melting, especially above 225°, and then progressively melted but solid 
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persisted up to 242°. It gave a gradually developing deep purple color 
with trichloroacetic acid. 
C27HywO2N. Calculated, C 78.38, H 10.49; found, C 78.51, H 10.19 


80 mg. of the substance were dissolved in 12 cc. of 95 per cent alcohol 
and treated with 33 cc. of a 1 per cent digitonin solution in 90 per cent 
alcohol. The digitonide very slowly separated. After 2 days the collected 
material weighed 0.116gm. The filtrate after several days further standing 
gradually yielded an additional 80 mg. The first fraction was dissolved in 
5 ec. of dry pyridine and the digitonin was precipitated with ether. After 
filtration and washing with ether, the filtrate was further diluted with 
ether and then repeatedly extracted with water. The ether solution 
yielded long stout often rhombic platelets or masses with serrated edges. 
After recrystallization from an alcohol-ether mixture, the substance 
melted at 250-251° after preliminary sintering. 

C:;HyO.N. Calculated, C 78.38, H 10.49; found, C 78.03, H 10.46 
fa] = +63° (c = 0.95 in chloroform) 


This substance gave the characteristic gradually developing deep purple 
color in trichloroacetic acid. 

Rubijervone—O.2 gm. of dried rubijervine in 7 cc. of benzene was treated 
with 0.35 gm. of aluminum tertiary butylate and 3 cc. of acetone, and the 
mixture was refluxed for 6.5 hours. The reaction mixture was treated with 
dilute alkali and extracted with chloroform. The latter yielded on con- 
centration a residue which crystallized as needles from 95 per cent alcohol. 
The yield of the first fraction was 64 mg. 46 mg. of less pure additional 
material were obtained from the mother liquor. 

After recrystallization from alcohol, the substance softened under the 
microscope at 203° and gradually melted at 205-209°. 


[a]p = +100° (c = 0.93 in 95% ethanol) 
CyHwO.N. Calculated, C 78.77, H 10.05; found, C 78.86, H 9.87; C 78.84, H 10.07 


This substance proved to be indistinguishable in properties from the 
substance previously obtained by the copper powder method (1). 

The melting point of the latter has since been found to be 205-208° 
after preliminary softening above 202°, and gave no depression with the 
above substance. Its rotation has also been found to be 

la]p = +98° (c = 0.94 in 95% ethanol) 

Epiallorubijervine—The reduction of rubijervone was repeated essen- 
tially as previously given, except with a larger amount of substance, 0.88 
gm. On attempting to extract the reaction product with ether, crystalliza- 
tion at once occurred. The ether suspension of crystals was separated 
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from the alkaline aqueous phase and washed with water. The crystals | 


which proved to be very sparingly soluble were collected with ether and 
amounted to 0.3 gm. As previously reported, it gave a deep purple colo; 
with trichloroacetic acid. After recrystallization from 95 per cent alcohol 
it gradually melted under the microscope at 228-231° after preliminary 
sintering above 222°. 


[a]p = +63° (c = 1.00 in absolute ethanol 


This substance yielded no precipitate with 1 per cent digitonin solution 
even after several weeks standing. 

Allorubijervine—The ether filtrate from the sparingly soluble epiallorubi- 
jervine was dried over sodium sulfate and concentrated to smaller volume. 
A second fraction of 69 mg. of substance was obtained which melted at 
212-215° after preliminary softening. This was followed by a third fraction 
of 26 mg. of still less pure material which gradually softened to a melt at 
208-213° after preliminary sintering. When the mother liquor from the 
last fraction was concentrated to about 5 to 10 cc., it deposited rather gelat- 
inous material. The whole mixture was therefore dried in vacuo as such. 
In this manner a crude fraction of about 0.5 gm. was obtained. 

This crude fraction was dissolved in 50 cc. of 95 per cent alcohol and 
mixed with a solution of 1.1 gm. of digitonin in 100 ce. of 90 per cent 
alcohol. Since after 24 hours a slight precipitate had formed, the mixture 
was allowed to stand for 5 days during which the deposition appreciably 
increased. The collected digitonide weighed 0.35 gm. 

This material was decomposed with pyridine and ether. The ether 
after removal of pyridine left a residue on concentration which was dis- 
solved in 1 to 2 ec. of 95 per cent alcohol. On rubbing, crystallization of 
minute delicate needles occurred. On addition of more alcohol and a few 
drops of water, this fraction somewhat increased on standing and was 
collected with 70 per cent alcohol. 26 mg. were obtained which appeared 
to be a mixture, since the melting point suggested contamination with the 
above epimer. On careful further dilution the mother liquor yielded a 
larger fraction (40 mg.) of long delicate needles which were collected with 
50 per cent alcohol. After recrystallization from dilute alcohol, the 
substance formed broad, flat needles which gradually lost their transparency 
under the microscope above 140—-150° and then melted at 176-178". 


[a] = +40° (c = 0.97 in absolute ethanol 
For analysis it was dried in vacuo at 110°. 


Coz7HywO.N-H:O. Calculated, H.O 4.17; found, 3.94 
Anhydrous substance, C:;7HyO.N. Calculated, C 78.38, H 10.49; found, C 78.60, 
H 10.62 
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With trichloroacetic acid it gave gradually a deep purple color indistinguish- 
able from that of the above epimer. 

Dehydrogenation of Isorubijervine—A mixture of 10 gm. of isorubijervine 
(from Veratrum album) and 30 gm. of selenium was heated for 2 hours in a 
bath at 340-345° after displacement of air with nitrogen. A highly colored 
distillate was collected and consisted of basic material, mostly the methy]- 
ethyl pyridine which has now been obtained from all of this group of 
alkaloids. The undistilled residue was powdered and extracted thoroughly 
with ether. This extract on concentration left a residue of 6.5 gm. which 
was redissolved in ether and extracted with 20 cc. of 10 per cent HCl. The 
latter was reserved for some future study. The ether phase was then 
extracted in turn with dilute alkali, which yielded but an inappreciable 


TABLE I 


Fractionation of Hydrocarbon Mixture 




















| hy Analysi 
Fraction No. oie a. we ae ~ a aot — bes omni —*-T 
c H 
| "See ‘%. Ts per cent per cent 
i | 190 140 | 
2 190 120 
3 200 150 0.44 9.69 
4 200 150 
5 205 160 
6 205 160 100-123 
7 210 165 | 100-123 93.11 6.83 
8 215 165 | 
9 225 170 =| 90-120 | 93.12 | 6.87 
10 250 180 
ll 255 210 
12 255 230 


amount of any phenolic material. The ether solution which remained 
gave on concentration 3.1 gm. of neutral material. 

This fraction was dissolved in 50 cc. of benzene and passed through a 
column of 80 gm. of active alumina. The alumina was in turn eluted with 
three 50 cc. portions of benzene which on subsequent concentration yielded 
respectively 1.4, 1.3, and 0.1 gm. of residue. These fractions were com- 
bined for fractionation in a 24 cm. Craig column at 0.2 mm. pressure. The 
course of the fractionation is recorded in Table I. Fraction 1 and 2 each 
approximated 50 mg. and from Fraction 3 the weights approximated 125- 
150 mg. The undistilled residue was about 0.5 gm. Fractions 5 to 10 
were crystalline. Fraction 10 was somewhat colored, due to contamination 
with selenium. 
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110 mg. of Fraction 7, when recrystallized from ether, separated ag 
rosettes of stout needles. After collection at —18°, 68 mg. of substance 
were obtained which melted at 134—136°. On recrystallization from ether, 
this was sharpened somewhat to 135-136°. 


CyzHy. Calculated, C 93.53, H 6.47; found, C 93.64, H 6.66 


Fraction 9 yielded 84 mg. of needles which melted at 131-134°. This 
material was used for the following derivatives. 

30 mg. of hydrocarbon were treated with an equivalent of picric acid in 
a small volume of acetone. The complex crystallized nicely from the con- 
centrated mixture at — 18°, but separated in crystals of two apparent shades, 
one much paler than the other, due possibly to differing crystal solvent con- 
tent. From acetone-ether it separated in pale orange prisms or needles 
which melted at 134-135°. 


Ci7Hyy.CsH;O7N;3. Calculated, C 61.72, H 3.83; found, C 61.48, H 3.97 


30 mg. of hydrocarbon and 25 mg. of 1,3,5-trinitrobenzene yielded 42 
mg. of the complex from acetone solution. Recrystallized from acetone, 
it formed bundles or rosettes of long needles which melted at 165-166", 


CivHis. CeH;O6N;3. Calculated, C 64.01, H 3.97; found, C 64.16, H 3.80 


SUMMARY 


Isorubijervine has been transformed through its ketone isorubijervone to 
a mixture from which alloisorubijervine was isolated over its digitonide. 
Rubijervine was similarly transformed through rubijervone to a mixture 
of epimers from which allorubijervine and epiallorubijervine were separated. 
All of these substances give the Rosenheim color reaction of allocholesterol 
to be explained by a A‘* double bond and which implies that Ring B is 6- 
membered. A unique product of the dehydrogenation of isorubijervine 
has been found to be 1,2-cyclopentenophenanthrene. A normal sterol 
ring system of the non-nitrogenous portion of rubijervine and isorubijervine 
is therefore indicated. . 
All analytical results reported here were obtained by Mr. D. Rigakos. 
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DISTRIBUTION OF CATHEPTIC ENZYMES IN THE 
HOG KIDNEY* 


By PAUL C. ZAMECNIK anp MARY L. STEPHENSON 


(From the Medical Laboratories of the Collis P. Huntington Memorial Hospital of 
Harvard University, at the Massachusetts General Hospital, Boston) 


(Received for publication, May 1, 1945) 


The term cathepsin was introduced by Willstitter and Bamann (1) to 
characterize an intracellular proteinase of animal origin active at weakly 
acid pH. The presence of a number of catheptic enzymes in animal tissues 
has been demonstrated in Bergmann’s laboratory (2-6) by means of syn- 
thetic peptide substrates. The present experiments were undertaken to 
find out whether these catheptic enzymes differed in activity in histo- 
logically distinct portions of the same organ. 

The two regions selected for comparison were the outer portion of the 
renal cortex and the medullary papillae, as diagrammed in Fig. 1. The 
catheptic activity of the metabolically active cortex, composed of nephrons 
responsible for filtration, secretion, and absorption, was found to be con- 
sistently higher than was the catheptic activity of the collecting tubules 
which make up the medullary papillae. 

EXPERIMENTAL! 

The rate of hydrolysis was determined by the method of Grassmann and 
Heyde (7). The composition of the test solution was as follows: 1.0 cc. 
of 0.1 m substrate (0.12 m for dl-leucylglycine), 0.8 cc. of 0.1 M enzyme- 
buffer solution, 0.2 ec. of 0.4 mM cysteine, and 0.01 cc. of toluene. Incubation 
was carried out in a volumetric flask at 40° in the presence of air. Initial 
and final pH determinations were made with a glass electrode assembly. 
The solution of cysteine was freshly prepared before use. 

There was a considerable amount of autolysis when extractions were made 
with water, and appreciable autolysis with 30 per cent glycerol. No 
autolysis was present with 50 per cent glycerol. In these experiments, 
therefore, the most reproducible results were obtained with extraction of 
enzyme from dry tissue powder by means of a 50 per cent glycerol-0.1 m 
citrate buffer solution. With each set of experiments autolysis controls 
were carried out. 

* This is Reprint No. 603 of the Cancer Commission of Harvard University. 

'The substrates benzoyl-l-argininamide, carbobenzoxy-l-glutamy]-l-tyrosine, 
and carbobenzoxyglycyl-l-phenylalanine were obtained through the courtesy of the 


late Dr. Max Bergmann, and dl-leucylglycine through the courtesy of Dr. M. 8. 
Dunn. 
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Nitrogen determinations were made according to the micro-Kjeldahj 
method of Wagner (8). In order to avoid excessive foaming and charring 
of the glycerol extracts in the digestion procedure, a very low flame wags 
used until the initial foaming had ceased, after which the flame was jp. 
creased until the charred mixture became clear. Glycerol extracts took 
longer to clear than aqueous extracts. Duplicates checked when blow 
pipettes were used. Total nitrogens of aliquots of 0.9 per cent sodium chlo. 
ride tissue extract agreed whether the aliquots were digested in the presence 
of added glycerol or simply in the presence of 0.9 per cent sodium chloride, 
Glycerol did not, therefore, interfere with the complete digestion of the 
protein. Non-protein nitrogen filtrates were obtained by precipitation of 
the protein in a 10 per cent trichloroacetic acid solution. 








Fic. 1. Diagram of kidney, showing in black the regions selected for enzymatic 
study. 


Ammonium sulfate and acetone purification procedures performed on 
aliquots of the same dried powder did not give reproducible activity con- 
stants.* 


Preparation of Enzymes 


2 pounds of fresh hog kidneys, packed in ice, were obtained from a 
slaughter-house. The outer portion of the cortices was cut off in strips 2 
to 3 mm. thick and 6 to 8 cm. long, and the medullary papillae were care- 
fully dissected away from the remainder of the medulla. In the longi- 
tudinally cut kidney the medullary papillae stood out as distinctly redder 
areas than the remainder of the medulla, which blended into the cortical 
region. Since these papillae protruded into the renal pelvis, they could 
easily be dissected out by means of a sharp scalpel. This procedure was 
varried out at 2.5°. It was impossible to free the medullary papillae 


? The authors are indebted to Mr. Lester Tobin for assistance in these experiments. 
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completely from adjacent connective tissue, but as much as possible was 
removed. The tissues were dried according to the Flosdorf-Mudd (9) 
technique for 24 hours. The dried tissues were ground to a fine powder 
(the medullary papillae were sieved to remove a few bits of connective 
tissue which could not be well ground) and were stored over phosphorus 
pentoxide in a vacuum desiccator at 2.5°. The rate of inactivation of 
enzyme under these conditions was slight during a storage period of 2 


TaBLe I 


Hydrolysis of Certain Synthetic Substrates by Glycerol Extracts of Hog Kidney Cortez 
and Medulla 





| 

















C X 108 
T. f 
Substrate aa Medul- | Cortex 
| Cortex} la 
| papillae | Medulla 
Carbobenzoxy-l-glutamyl]-l-tyrosine.....| Pepsinase | 22 47 4 .4u8 
Carbobenzoxyglycyl-l-phenylalanine....| Carboxypeptidase | 12 2.8 | 4.3 
Benzoyl-l-argininamide......... ...| Trypsinaseft 11 3.9 | 2.8 
G@-Ledeyigiyeine................... .| Aminopeptidaset | 16 3.0 | 5.3 





Cortex = 2.40 mg. of protein nitrogen per cc. of test solution; medulla = 2.44 mg. 
of protein nitrogen per cc. of test solution; pH range, 5.06 to 5.22; initial and final pH 
values constant within 0.05 pH unit in all cases. Citrate buffer to 0.04 m, cysteine 
0.04 m, substrate 0.05 m (dl-leucylglycine 0.06 m). Temperature 40°, toluene 0.5 per 
cent. The reaction followed first order kinetics; the average of three closely agree- 
ing readings is recorded in the table. Times chosen to give substrate hydrolysis 
range from 20 to 70 per cent. Rate of hydrolysis of dl-leucylglycine calculated on 
the basis of splitting of the 1 form. K = 1/t log a/(a— 2). C = K per mg. of 
protein nitrogen per cc. of test solution. 

* The enzyme classification is that suggested by Bergmann (6). 

t There is the possibility of some carboxypeptidase activity contributing to the 
hydrolysis of these substrates. 

t The term ‘‘tryptase’’ or ‘“‘tryptic endopeptidase’’ might be a better choice of 
terminology for this enzyme, whose action is similar to that of trypsin. Likewise, 
“peptase’’ or “‘peptic endopeptidase’’ might be preferable to ‘‘pepsinase,”’ since the 
enzyme in question does not split pepsin but rather resembles it in specificity re- 
quirements. 


weeks, permitting a number of determinations on aliquots to be made. 
The strips of cortex yielded 86 gm. of pale brown powder, whereas 3.3 gm. 
of reddish powder were obtained from the medullary papillae. The ratio 
of dry weight to wet weight for the cortex was 20.0 per cent and for the 
medulla 20.4 per cent. 

Extracts of cortex and medullary papillae were prepared in the same 
way. 1200 mg. of the dried tissue were ground up in a mortar for 4 minutes 
with 12 ec. of 50 per cent glycerol-0.1 m citrate buffer, pH 5. The solution 
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was centrifuged for 5 minutes at 2400 R.P.M. and was then filtered through 
a thin layer of Pyrex glass wool. The filtrate was kept in ice water anj 
its enzymatic activity tested within 2 hours. The extract of kidney corte; 
contained 7.55 mg. of total nitrogen and 6.01 mg. of protein nitrogen pe 
ec., While the medulla extract yielded 7.90 mg. of total nitrogen and 6,1) 
mg. of protein nitrogen per cc. The protein nitrogen concentrations of the 
extracts of cortex and medulla were therefore approximately equal, whid 
eliminates the possibility that differences in enzymatic activity in the two 
regions may be accounted for by some anomalous relationship betwee 
rate constant and enzyme concentration, such as that encountered by | 
Irving et al. (10). 

Aliquots of the dried tissue, extracted and tested at intervals during s | 
2 week period, repeatedly gave approximately the same enzymatic activity, | 
As a test of the reproducibility of the methods, twelve separate 500 mg 
aliquots of dried renal cortex were extracted and tested for activity towan | 
benzoyl-l-argininamide at pH 5 in the presence of added cysteine. The | 
results were as follows, expressed as C* X 10~*: 9.7, 9.4, 10.3, 11.8, 87, 
13.0, 10.3, 11.9, 10.2, 8.4, 10.0, 8.1.4 The arithmetic mean was 10.2 with 
the standard error of the mean = 0.43 (11). 

Two other batches of kidneys were worked up and gave results similar 
to those summarized in Table I. ' 





DISCUSSION 

The activity of catheptic enzymes was found to be consistently higher 
in the hog kidney cortex than in the medullary papillae, as shown in 
Table I, and to exceed the limit of error of the methods used. The differ. 
ence in the activity ratio of individual enzymes between cortex and medulla 
ranged from 2.8 to 5.3. More detailed work would be necessary, however, | 
to prove what this latter point suggests, that an individual catheptic enzyme | 
may vary independently of others in different regions of a single organ. 

Previous work (4) has demonstrated the presence in the hog kidney of 
at least four separate catheptic enzymes, characterized and classified ac- 
cording to their specific activities on certain peptide substrates. The 
same types of key substrates have been used in the present experiments 0 
compare the catheptic enzymes in two distinct regions of the hog kidney. | 

A histological check was made on aliquots of the tissue selected for study. 
It should be pointed out that, whereas there is relatively little interstitial 
connective tissue in the cortex, there is considerably more in the medullary 
papillae. The enzymatic differences found, therefore, represent this differ 
ence in the amount of connective tissue in the two regions as well as the 
difference between the cortical nephrons and the papillary collecting ducts 


*See the explanation below Table I. 
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‘Ough SUMMARY 


and The activity of catheptic enzymes present in the hog kidney has been 
— found to be consistently higher in the cortical than in the medullary region. 
‘Pe Lyophilization of fresh tissue and extraction of the dried tissue powder 
6.l with 50 per cent glycerol-0.1 citrate buffer at pH 5 provided a satisfactory 
the method of preparing extracts for these studies. 
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THE MICROBIOLOGICAL ASSAY OF VITAMIN B, CONJUGATE 


By O. D. BIRD, BETTY BRESSLER, RAYMOND A. BROWN, 
C. J. CAMPBELL, anp A. D. EMMETT 


(From the Research Laboratories of Parke, Davis and Company, Detroit) 
(Received for publication, May 3, 1945) 


Coincident with work leading to the isolation of vitamin B, from liver 
in this laboratory (1), other sources of the vitamin were being investigated. 
Very early it was observed that only part of the vitamin B, indicated by 
chick assays to be present in yeasts and yeast extracts could be accounted 
for by microbiological assays with Lactobacillus casei. This suggested that 
part of the vitamin present in these substances was in a bound form which 
was ineffective as a growth stimulant for this organism. Since that time 
we have extensively studied enzymatic procedures for releasing vitamin B, 
from the bound form in which it apparently exists in natural materials, 
in order to be able accurately to assay them microbiologically. This is a 
summary of some of the results of this study. 

In an earlier report from this laboratory (2) it was indicated that concen- 
trates from yeast which were active in curing anemia in chicks, but only 
slightly active on Lactobacillus caset, became strongly active on Lactobacillus 
casei following enzymatic digestion. Welch and Wright (3) have pointed 
out the possible existence in milk of a microbiologically inactive folic acid- 
like material possessing vitamin activity in the rat. Totter, Mims, and 
Day (4) reported that incubation with fresh rat liver increased the folic 
acid content of dried brewers’ yeast as measured by microbiological assay. 
Later these workers (5) described the preparation of a fraction from rat 
liver which was effective in producing a microbiologically active factor from 
inactive material. Mallory et al. (6) reported the concentration of a frac- 
tion from yeast which became active microbiologically after treatment with 
an enzyme preparation. They pointed out a possible correlation between 
this factor, vitamin M, vitamin B, conjugate, and a factor in yeast which is 
antagonistic to the effects of succinylsulfathiazole in the diet of rats. Las- 
kowski, Mims, and Day (7) have recently succeeded in purifying to a con- 
siderable degree an enzyme which is active in this conversion. 


EXPERIMENTAL 


The enzymatic digestion procedure of Cheldelin et al. (8), employing 
taka-diastase and papain, proved to be ineffective in liberating vitamin B, 
from its conjugate. However, it was found that either taka-diastase or 
clarase was partially effective when used in high dilutions. The activity of 
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these enzyme preparations varied greatly among different lots. Son, 
samples of these products were almost entirely inactive. 

Certain animal organs, as well as other natural materials, proved to be 
more effective. Bird et al. have recently noted the occurrence of an enzyme 
widely distributed in nature, which formed vitamin B, from its conjugate 
(9). In our earlier work various tissues were employed, either ground 
while fresh, or as a powder prepared by acetone desiccation and milling 

Examples of the action of some of these crude enzyme preparations upon 
a concentrate of vitamin B, conjugate from yeast are shown in Table [ | 
The samples were incubated with the enzyme preparations under toluene 
in small Erlenmeyer flasks at approximately pH 4.5. They were then auto- | 





TaBLeE I 
Effectiveness of Different Sources of Enzyme in Releasing Vitamin B, from Its Conjugate | 





Vitamin B, found 














Enzyme 
Becume source preparation Substrate Incubation |—— — 
a per cc. dilution* time at 37° Ip enayme n 
substrate (blank ) substrate 
(less blank 
gm. Ars. Y ¥ per cc, 
Control (no enzyme) 1.8 
Fresh beef heart 1.0 1:10 18 0 1.8 
” ** spleen 1.0 1:10 48 0.15 8.4 
Clarase 0.5 1:20,000 1S 4.15 8.7 
Desiccated hog liver 0.08 1:10 72 0.55 2.6 
4 =) a 0.20 1:10 72 1.30 9.0 
0.50 1:10 72 3.25 13.0 
Fresh hog liver 1.0 1:1,000 18 3.5 16.4 
Desiccated hog kidney 0.30 1:10 418 0.75 27.0 
m ‘* intestine 0.20 1:10 72 0.10 26.3 


* A concentrate of vitamin B, conjugate from yeast. 
claved briefly, centrifuged, and the supernatant assayed with Lactobacillus | 
casei by a modification of the method of Mitchell and Snell (10), crystalline 
vitamin B, being used as the standard. The medium was the same as that | 
described in the published procedure except that the pyridoxine hydrochlo- 
ride content was increased from 200 y to 1000 y per liter. The source a 
hydrolyzed casein was Difco casamino acids. This was dissolved in dix 
tilled water at a concentration of 10 per cent prior to preparation of the 
medium, adjusted to pH 3.5 with hydrochloric acid, and treated with 10 per 
cent by weight of Darco G-60. After 15 minutes the Darco was filtered of 
and the clear solution used in the subsequent preparation of the medium. | 
The inoculum used in this assay procedure was found to be of great im-| 
portance. It insured a low blank and a steep response curve upon the 
addition of graded arhounts of vitamin B,. It was prepared as follows: 
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Two stock cultures were prepared each month. One of these was main- 
tained undisturbed, while subcultures were made from the other, weekly, in 
solid medium. 24 hours prior to the time an assay was to be set up a trans- 
fer was made from the subculture to a tube of liquid medium containing 5 
ec. of the riboflavin medium of Snell and Strong (11), 5 ec. of water, and 1 
y of riboflavin. At the time of the inoculation, 1 cc. of this culture was 
diluted aseptically with sterile saline to 10 cc. and 1 drop of this dilution 
used for inoculum. The cultures were grown in Evelyn colorimetric tubes 
and their turbidity determined with this instrument after 40 hours incuba- 
tion at 37°. This made it convenient to set up and inoculate the assay 
tubes in the afternoon and read them the morning of the 2nd day: later. 
Desiccated hog kidney proved to be a practical source of the enzyme. It 
was highly active, had a vitamin B, content, or blank, low enough for most 
purposes, and was extremely stable. Desiccated hog intestine had a lower 
blank but this advantage was outweighed by the fact that it was more 
difficult to prepare in quantity. We have kept a sample of the desiccated 
kidney at room temperature over 2 years and can detect no change in its 
activity. The desiccated kidney used in these experiments (Table II, 
Method 1) was prepared by grinding fresh hog kidney and immersing it in 5 
volumes of acetone. Following filtration, rewashing with acetone, and air 
drying, the residue was milled to a fine powder. An amount of sample ex- 
pected to contain 25 to 50 y of vitamin B, was transferred to a small beaker. 
A few ec. of water and 0.3 gm. of powdered desiccated kidney were added. 
The mixture was adjusted to pH 4.3 to 4.5 by the addition of dilute HCl or 
NaOH. It was washed into a test-tube or Erlenmeyer flask; the volume 
was kept between 10 and 20 cc. A few drops of toluene were added and the 
sample incubated 48 hours at 37°. Then it was heated briefly in an auto- 
clave, adjusted to pH 7.0, and diluted to 50 ce. After mixing and centrifug- 
ing, an aliquot of the supernatant was removed for microbiological assay. 
The second enzyme preparation studied was an extract of almond 
(Method 2). This was prepared by grinding unheated almonds in a mortar 
while gradually adding either water or 0.1 m phosphate buffer of pH 7.0 
until a total of 10 cc. had been added for each gm. of almond. The result- 
ing emulsion was filtered through muslin. In making the enzyme prepara- 
tion from almond meal (Method 3), an extract was made by adding water 
or phosphate buffer to commercial almond meal in the proportion of 3 cc. 
per gm. of meal. After occasional shaking of this mixture for half an hour 
it was filtered by suction through Super-Cel. An amount of sample con- 
taining approximately 25 to 50 y of vitamin B, was incubated with 10 cc. of 
either of the almond extracts described above for 48 hours at 37°. Follow- 
ing this it was treated exactly as described for samples treated with desic- 


cated kidney. 
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The enzyme preparation used in Method 4 was made by grinding fresh 
hog kidney, adding 3 volumes of distilled water, and allowing the mixtyp 
to autolyze under toluene at 37° for about 36 hours. The insoluble materia] 
was centrifuged off and the supernatant clarified by filtering through a layer 
of diatomaceous earth (Super-Cel). An amount of this solution equivalent 
to about 0.8 gm. of fresh kidney was added to an amount of the substrate 
calculated to contain 25 to 50 7 of vitamin B. ina test-tube. 5 ec. of 0.1y 


TaBLe II 


Comparison of Vitamin B, Potencies Obtained by Chick Assay with Lactobacillus casei 
Assay Values before and after Enzyme Treatment 


a - ——. 





Vitamin B, per gm 





— Substance assayed La ony Microbiological assay va 
; No —— ; — Chick 
Initial After assay 

enzyme 

, , Pee 
96372 Yeast extract* l 2.5 50 55 
0742 Concentrate from yeast ] 11.6 198 200 
38843 Yeast extract* 2 2.0 52 iO 
38843 ™ 6s 3 2.0 57 50 
42773 Bacto-yeast extractt l 0.7 26 25 
45903 Concentrate from yeast 2 12.6 250 280 
58264 Liver extract l 20.0 26 i 
58264 “ “ 2 20.0 52 ot 
65614 Concentrate from liver extract 2 34.0 89 98 
71124 Asparagus juice concentratet 5.0 7 12 
79914 Concentrate from yeast 4 48.0 7670 8135 





Method 1, desiccated hog kidney, pH 4.3 to 4.5; Method 2, extract of almond, pH 
6.0 to 7.0. Later time-reaction experiments with enzyme preparations from almond, 
on a purified substrate, have shown the optimum pH of this enzyme to be about pH 











4.5; Method 3, extract of almond meal, pH 6.0 to 7.0; Method 4, extract of autolyzed | 


hog kidney, pH 4.5. 


* An aqueous extract of plasmolyzed yeast. 

t Difco Laboratories, Detroit. 

t Kindly supplied by Dr. Howard D. Lightbody, of the Western Regional Research 
Laboratory, Albany, California. 


acetate buffer of pH 4.5 and enough water to make 10 cc. were added, 
along with a few drops of toluene. This mixture was incubated 16 hours at 
45°, heated, centrifuged, and assayed. 

Recently we have modified the enzymatic digestion procedure somewhat 
in order to reduce the amount of substrate, and thereby increase the ratio of 
enzyme to substrate. This made it possible to obtain consistent results 
even with some samples which were inhibitory toward the enzyme. To 
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prepare the enzyme fresh hog kidney was blended and mixed with 3 parts of 
distilled water. This suspension was centrifuged and the centrifugate 
filtered through Super-Cel. The clarified extract was either dried from the 
frozen state and stored in the refrigerator, or dispensed in 5 ec. amounts in 
test-tubes and maintained in the frozen state in a dry ice chest. 

The sample to be digested was diluted with water and an amount esti- 
mated to contain 1 to 2 y of vitamin B, in 1 or 2 cc. of water added to a test- 
tube marked at 10ce. 5cc. of 0.1 M acetate buffer of pH 4.5 and an amount 
of enzyme preparation equivalent to approximately 0.4 gm. of fresh hog 
kidney were added. The volume was then about 8 cc. A few drops of 
toluene were added and the mixture incubated 16 hours at 45°. The con- 
tents of the tube were then adjusted to pH 7.0 by the addition of n NaOH, 
the volume made up to 10 cc., and autoclaved about 5 minutes. Appropri- 
ate dilutions were then made for assay. 

The biological assay values presented in Table II were obtained on chicks 
by the method recently published from this laboratory (12). The chick 
antianemia potencies were evaluated by comparison with a substandard, 
included in each assay, which has been assayed directly against crystalline 
vitamin B,. 

DISCUSSION 


The microbiological assay procedure described above has not been found 
well suited for the determination of ‘‘free’’ vitamin B, in natural substances 
whose major content of this vitamin is in the conjugated form. It is only 
after thorough treatment with a good source of vitamin B, conjugase 
that such natural substances give response curves similar to the response 
curve for pure vitamin B. which is used as the standard. 

It will be noticed that the correlation between antianemia potency in 
chicks and microbiological assay values after enzyme treatment is quite 
good except in the case of asparagus juice concentrate and liver extract, 
when desiccated kidney is used as the enzyme. However, when almond 
was used as a source of enzyme, the microbiological value for liver extract 
was practically identical with the biological potency. This has not been 
true with all liver extracts, nor was it true with asparagus juice concentrate. 
Regardless of the enzyme preparation used with various plant extracts, we 
have been unable to obtain microbiological assays equal to antianemia po- 
tencies in chicks. This discrepancy may be due to the presence in plant 
extracts of inhibitors for the specific enzyme, or part of the chick activity 
may be due to the presence of one or more compounds which, even after 
treatment with the specific enzyme, are inactive for Lactobacillus casei. 

Mallory et al. (6) have pointed out a correlation between microbiological 
assay values obtained for certain materials with Streptococcus lactis, follow- 
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ing enzyme treatment, and the corrective effect of these materials for the 
toxic symptoms produced in rats by succinylsulfathiazole. They hay 
proposed that this effect on succinylsulfathiazole-treated rats be made the 
basis of a-quantitative biological assay for vitamin B, or related factop | 
We feel that a comparison of microbiological assay data, obtained afte 
enzyme treatment, with antianemia potencies determined on chicks is ¢| 
even more fundamental significance, since the anemia in chicks is a natuy) 
deficiency disorder and not an artificial condition imposed by a drug. 


SUMMARY 


Methods are described for the enzymatic liberation of vitamin B, from the | 
bound form in which it is often found in natural materials, making it pog | 
sible to obtain microbiological assays with Lactobacillus casei representing 
what appeared to be the total amount of the vitamin present. Sources of 
the enzyme used were desiccated hog kidney, extract of fresh and autolyzed 
hog kidney, and extracts of whole almond or almond meal. 

Microbiological assays of natural materials and concentrates with Lact 
bacillus casei, following these enzyme treatments, were for the most part in 
agreement with chick antianemia assays. There was an exception in th 
case of plant extracts, where no enzymatic procedure was found that would 
insure microbiological assay values equal to those obtained on chicks. 
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THE PATHWAY OF DECOMPOSITION OF MYOADENYLIC ACID 
DURING AUTOLYSIS IN VARIOUS TISSUES 


By STANLEY E. KERR anp KRIKOR SERAIDARIAN 
(From the Department of Biochemistry, American University of Beirut, Beirut, Lebanon) 


(Received for publication, April 23, 1945) 


In a previous study on the postmortem autolysis of adenosine triphos- 
phate in brain (1) it was found that after the loss of two phosphate groups 
the resulting myoadenylic acid was further decomposed to nucleoside or free 
purine without any increase in inosinic acid. Adenine, hypoxanthine, and 
pentose were found in the fraction containing nucleosides and free purines, 
and as autolysis proceeded, hypoxanthine increased at the expense of ade- 
nine. Since enzymes for the deamination of adenine are known to be absent 
from the skeletal muscle of the rabbit, pig, and dog (2, 3), and from all 
human tissues (4), the progressive decrease of this purine suggests that it is 
deaminized in the form of riboside. The conclusion was therefore reached 
that in nerve tissue myoadenylic acid is dephosphorylated with the produc- 
tion of adenosine, rather than deaminized to form inosinic acid with subse- 
quent dephosphorylation. This course of decomposition differs from that 
previously deduced for the muscles of the frog (5) and rabbit (6), but is 
similar to that suggested for embryonic tissue, liver, and Jensen’s sarcoma 
of rats (7). 

Our conclusions regarding the formation of adenosine in nerve tissue were 
based on the indirect evidence mentioned above, no methods being then 
available for the quantitative separation of nucleoside from free purine. 
The formation of adenosine, either in the normal catabolism of tissues or 
after injury, is of considerable interest from the pharmacological point of 
view (8), and a more direct approach to the problem is desirable. With this 
in view we developed methods for the quantitative separation of purine 
nucleosides from the free purine bases, and for the determination of the 
purines and ribose in these fractions (9). With these methods the course 
of autolysis of myoadenylic acid has been reinvestigated in the brain, skeletal 
and heart muscle, liver, and testes of the dog. 


EXPERIMENTAL 


The tissues were taken from dogs under amytal anesthesia, and immedi- 
ately crushed in a mortar or ground in a meat chopper, previous experience 
having shown that the rate of catabolism of nucleotide is much greater in 
crushed than in intact tissue (1). The ground tissue was allowed to auto- 
lyze at 37° for specified periods, then transferred to 10 per cent trichloro- 
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’ 
i 
acetic acid. Further details of the methods for handling fresh and auto.| 


lyzed tissues and the preparation of the protein-free filtrates are given else. 
where (1,10). From these filtrates nucleotides were precipitated by uraniyp 
acetate, free purines by silver nitrate in acid solution, and nucleosidg 


by silver nitrate in alkaline solution. The individual purines contained jy | 
each of these fractions, as well as ribose in the two silver precipitates, wer | 
then determined. The entire procedure, designed especially for the presen; | 
study, is described in a recent paper (9). Organic phosphorus (i.e., the | 


TaBLe I 


Distribution of Adenine, Hypozanthine, and Guanine As Nucleotide (Uranium | 


Precipitate), Nucleoside (Alkaline Silver Precipitate), and Free Purine (Acid 
Silver Precipitate) in Trichloroacetic Acid Extracts of Crushed Brain 
(Dog) after Various Periods of Autolysis 
The results are expressed in millimoles per kilo of tissue. 

















2 Nucleotide Nucleoside Free purine 
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30-69 3 |1.910.140.39*0.57'0.10 '0.050.720.87) 0.27:0.0 0.11 (0.03) 0.11 0.08 | 


30-70 | 10 |1.21/0.13/0.32*0.740.23 |0.05/1.021.28| 0.050 0.23 |0.06| 0.17 0.12 


30-70 | 20 +|1.080.08:0.31*.0.69'0.35 |0.04/1.08/1.23) 0.090 0.42 '0.07| 6.16) 0.12 | 


29-38 1 0.180 .09T 0.2710.36 0 0.060.16T 0.27) 0.18 | 
29-39 | 5 0.47/10. 16 0.630.70 0.070 (0.17 0.11) 0.07 
29-40 | 10 0.29'0.31t 0.600.73 0 OO (0.31T 0.19) 0.18 
29-41 | 15 0.58'0.27t 0.801.07 0.040.19)0.34T 0.35) 0.36 
30-44 | 20 0.2910.73t 1.021.260 (0.07/0.59T 0.15) 0.15 
29-42 | 30 0.33/0.42t 0.750.92 0.06,0.06\0. 40T; 0.25) 0.11 
29-43 | 60 0.130. 59T 0.720.98 0.03'0.27/0.73t | 0.19) 0.2 





* Double precipitation of purines as copper bisulfite compound. 
t Includes guanine. 


difference between total and inorganic phosphorus) was also determined 
(11) in the nucleoside and the free purine extracts, as a check on possible 
contamination with any nucleotide which might escape precipitation by 
uranium. 


Results 


A study of the results of analyses presented in Tables I to IV reveals dis- 
similar changes in the nucleotide metabolism in the different tissues of the 
dog during autolysis. As the adenylic acid disappears, no accumulation of 
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- of Trichloroacetic Acid Extracts of Skeletal Muscle after Various 
n else Periods of Autolysis 
aniuM The results are expressed as millimoles per kilo of tissue. 
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anium} 39-1 | Dog,frozenin| 0 | 4.20—0.02) 0.14f| 0.02 0.09 0.03t) 0.08) 0 
“id liquid air 
30-64 | Dog, minced 10 1.94) 0.88) 0.24 | 
0-64; “ se 20 | 1.01) 0.26) 0.12 
30-64 _ - 30 | 0.83) 0.16) 0.12 
— oe ° “ 60 | 0.54 0.25) 0.09 | | 
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¢ | 322 | “ auto-| 2 | 5.00 0.02) 0.15t baa I 
ii lyzed intact | | ) 
32-4 Beef, auto- 300 4.90, 0.92) 0.18 | 0.58) 1.15 0.18) 0.25 | 0.41) 0.18 : 
0.0 lyzed intact | 
a hi re eee 4 
0.12 | * No adenine was found in this fraction in any experiment of this group. i 
0.18 | t Double precipitation of purines as copper bisulfite compound. ; 
0.07 t Includes 0.007 mm of guanine. i 
0.18 Tasue III i 
} 
0.9 Distribution of Adenine, Hypoxanthine, and Guanine As Nucleotide (Uranium + 
0.15 Precipitate), Nucleoside (Alkaline Silver Precipitate), and Free Purine (Acid 
0.11 Silver Precipitate) in Trichloroacetic Acid Extracts of Minced Heart 
0.2 Muscle of the Dog, after Various Periods of Autolysis 
i The results are expressed in millimoles per kilo of tissue. 
2 Nucleotide Nucleoside Free purine* i 
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mi} 2 |G 5 Z E Z | 
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i = y & Ds = a % a - 7 = x] § 23 
bi Biei/f)/ 2) § 1/8) ge] ae/S/ 8] B19] Bi 8 
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| 30-75) 0 6.17 —0.04 0.21f 0.07 0.07; 0.02) 0.20 0.030.17) 0.070.060 0.03 
is 30-72, 3.5 | 4.24,—0.03 0.22¢ 0.81) 0.39) 0.04) 1.24) 1.830 0.12,0.05)0 10 
th 30-72 10 2.07, 0.02) 0.16¢ 1.57; 2.15) 0.15) 3.87) 4.13}0.07, 0.52/0.080.33)0.07 
e | | eS ae sl ¥j 
i : . , . . . . ° 3 
1 of | * No adenine was found in this fraction in any experiment of this group. ; 
t Double precipitation of purines as copper bisulfite compound. 3 
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its deamination product inosinic acid occurs in brain, heart muscle, or 
testes, while in liver and skeletal muscle the increase of inosinic acid repre- 
sents only a small fraction of the original nucleotide. 

In the nucleoside fraction adenine is found in significant quantities in 
brain, heart muscle, liver, and testes, but not in skeletal muscle. Hypoxan- 
thine is found as nucleoside in all of the tissues, but in the largest quantity 
inskeletal muscle. Ribose in the nucleoside fraction is in general somewhat 
higher than the sum of the purines. Organic phosphorus in this fraction is 
either absent or small in amount compared to the ribose and purine content, 
thus excluding significant contamination with nucleotide. 

In the free purine fraction only traces of adenine are found in brain and 
liver, but none in testes and skeletal and heart muscle, the chief constituent 
of the free purine fraction being hypoxanthine in each of the tissues ex- 
amined. Some pentose is found in the acid silver precipitate in most of the 
specimens. 

The adenine nucleotide content of the several tissues studied varies be- 
tween 3 and 6 ma per kilo of fresh tissue, heart muscle being the richest, 
skeletal muscle and liver containing about a third less, and brain about half 
as much. 

Guanine nucleotide varies between a minimum concentration of 0.14 
ma per kilo in skeletal muscle to 0.39 mm in brain and liver, with heart mus- 
cle intermediate. Guanine nucleotide represents 9 to 13 per cent of the 
total acid-soluble nucleotide in brain, liver, and testes, but only 3 per cent 
in skeletal and heart muscle. During autolysis the decomposition of this 
nucleotide is not as extensive as with adenylic acid. Guanine in the nucleo- 
side fraction increases significantly in heart and liver. 

For the sake of comparison of autolysis in intact and minced muscle, a 
specimen was removed from a dog 20 minutes after death, then ground and 
immediately fixed in trichloroacetic acid. The results (Table II) show the 
adenine and guanine nucleotides at the resting level, and practically no 
inosinic acid present. In a similar experiment with beef muscle autolysis 


' Hitchings (12) recommended double precipitation of the purines as copper bisul- 
fite complex before performing the colorimetric determination of guanine, in order to 
eliminate extraneous chromogenic substances. This we did with most of the nucleo- 
tide fractions, as recorded in Tables I to IV, but not with the nucleoside and free 
purines in the silver precipitates, because of danger of loss in handling the very small 
amounts of purine. The amount of interfering chromogenic substance in the silver 
precipitates should be much less than in digests of whole tissue, which Hitchings used 
for the determination of total guanine, but the values presented in our tables may 
be high, especially after extensive autolysis, for the increase observed in guanosine 
and free guanine is greater than the decrease in guanine nucleotide. The negative 
values reported for hypoxanthine in some experiments are explained in our recent 
publication (9) as being due to the precipitation of small amounts of guanine with 
adenine picrate 
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during 5 hours after death caused the loss of only a quarter of the adenylig 
acid, 14 per cent forming inosinic acid and 12 per cent nucleoside or fig. 
purine, changes which correspond to those taking place within about 9! 
minutes in minced dog muscle. 


DISCUSSION 


Indirect evidence presented in an earlier publication (1) and reviewed ip 
the introduction above indicated that the pathway of catabolism of adeno. 
sine triphosphate in autolyzing brain is by way of adenosine. This is noy 
confirmed by separating adenine together with an equivalent amount ¢ 
pentose from the extract of crushed brain by methods especially designed 
to precipitate nucleosides (9). 

Our results show that the same pathway of decomposition of adenine 
nucleotide, t.e., by way of adenosine, is also followed in minced heart musele, 
testes, and liver of the dog, but not in skeletal muscle. 

Although Parnas (5) and Ostern (6) had excluded adenosine and adenine 
as by-products in the catabolism of adenylic acid in frog, rabbit, and beef 
skeletal muscle, Ostern and Mann (13) stated that in some experiments 
they had had evidence which led them to suspect the formation of adenosine 
in certain tissues. They finally concluded that the pathway of decompog:- | 
tion of adenylic acid is by way of dephosphorylation to adenosine, rather | 
than by direct deamination, in those tissues in which adenosine is deani- | 
nized more rapidly than adenylic acid, e.g., heart muscle. Reis attempted | 
to secure more direct evidence on the ability of these tissues to dephos- 
phorylate nucleotides, and this led to the discovery of the specific 5-nucleo- 
tidase (14). The ability of various tissues or their extracts to remove 
phosphorus from the purine nucleotides had already been demonstrated by 
many workers (6, 15), but this action was attributed to the non-specific 





alkaline phosphatase (16). 

Since enzymes capable of removing phosphorus from nucleotides were | 
known to be present in various tissues, as noted above, and also deaminase: 
capable of splitting the amino group from both adenylic acid and adenosine 
(2), a number of studies were made to determine whether deamination pre- 
ceded the loss of phosphorus or vice versa. After a series of conflicting re 
ports had appeared (17), Parnas, Ostern, and Mann (18) presented evidence | 
that only adenylic acid, not adenosine triphosphate, is deaminized by 
muscle brei. Our results with autolyzing brain (1) support this conclusion, 
for no deamination of nucleotide occurs until two of the three phosphorus 
groups attached to the adenosine triphosphate have been lost (1 minute). 

The further decomposition of adenylic acid appears to vary with different 
tissues and their treatment. According to von Euler and Skarzynski (7) | 
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the dephosphorylating mechanism seems to predominate over that for 
deamination in liver, embryonic tissue, and Jensen’s sarcoma of the rat. 
Our analyses confirm this for liver by the finding of adenosine. ’ 

Deamination of the nucleotide predominates over dephosphorylation in 
skeletal muscle. Parnas (5), on grinding frog muscle with water, found 
the adenylic acid converted only to inosinic acid with no loss of the acid- 
stabile phosphorus group. With rabbit muscle 1 to 6 hours post mortem 
Ostern (6) accounted for 40 to 50 per cent of the nucleotide as inosinic acid, 
and about 20 per cent as hypoxanthine in the nucleoside and free purine 
fractions. In dog muscle the maximum amount of inosinic acid we ob- 
served (10 minutes after mincing) represented only one-fifth of the original 
adenylic acid. With intact beef muscle even less than this was found 5 
hours post mortem. Our failure to find either adenosine or free adenine in 
skeletal muscle confirms in part the work of Parnas and Ostern, but under 
the conditions of our experiments inosinic acid formation was much less 
than they observed. 

Reasons for the divergence of the pathway of decomposition in various 
tissues must be sought in the enzyme systems governing the splitting of the 
nucleotide molecule at its vulnerable points. In a tissue containing deami- 
nases, phosphatases, and possibly N-nucleotidase (19, 20), each capable of 
decomposing adenylic acid in a different way, the course of events will 
depend on the relative amounts of the various enzymes, and on conditions 
which affect the activity of each, such as acidity, the concentration of 
activators, and the formation of split-products (ammonia, inorganic phos- 
phate, adenosine, or inosine) which may inhibit certain reactions. Since 
the content of these enzymes and of metallic ions such as magnesium and 
calcium varies widely in different tissues, the pathway of decomposition, 
being the resultant of the competition of the enzymes for the substrate, may 
also differ. Since the N-nucleotidase probably plays a minor réle, the path- 
way of decomposition for adenylic acid is determined by the competition 
between the deaminizing and the dephosphorylating enzyme systems. 
Predominance of the latter results in the formation of adenosine, which is 
then subject to deamination, whereas if deamination proceeds at a more 
rapid rate than dephosphorylation the result is inosinic acid, which in turn 
loses phosphorus to become inosine. 

It is of interest, therefore, to compare the phosphatase content of such 
tissues as skeletal muscle, in which adenosine is not formed, with brain or 
heart in which adenosine is readily produced during autolysis. Reis (14), 
studying the activity of a number of tissues, found the white substance of 
calf brain to be one of the richest sources of the specific 5-nucleotidase, 
whereas frog muscle contains a negligible amount, thus explaining the fact 
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that in frog muscle the adenylic acid is only deaminized to inosinic acid, 
with no loss of phosphate (5), while in brain dephosphorylation proceeds 
more rapidly than deamination and adenosine is produced, as shown in this 
paper. 

Further work is necessary to determine whether the pathway of decompo- 
sition of adenylic acid is uniform in the same organ of different animals, for 
the findings of Reis (14) suggest a great variability in the nucleotidase con- 
tent of heart muscle, rabbit heart being poor, rat and frog heart rich in this 
enzyme. 

It should be noted that not only the 5-nucleotidase but also the non- 
specific alkaline phosphatase of bone, intestine, etc., is a powerful agent in 
removing phosphorus from the nucleotides (21). Both enzymes may par- 
ticipate in the breakdown of nucleotide to nucleoside, the pH range for 
activity being the same for each. 

Ishikawa and Komita (19) and Komita (20) demonstrated the existence 
of a glucosidase (N-nucleotidase) in dog pancreas, capable of splitting 
guanylic and xanthylic acids, but no studies were made on adenylic acid. 
Decomposition of adenylic acid by this enzyme would produce free adenine, 
In our studies the quantities of adenine found in the free purine fraction of 
brain and liver are so minute that we prefer to withhold any interpretation 
until these results can be checked with improved methods.* 

The occurrence of pentose in the acid silver precipitate needs explana- 
tion. In our study on methods (9) it was found that, although nucleoside 
in pure solution is not precipitated in acidic medium, some of it may be 
carried down with silver chloride. Any nucleotide which escapes precipi- 
tation by uranium acetate should be precipitated later by silver nitrate in 
alkaline but not in acid solution (9), but as already stated the amount of 
organic phosphorus in the alkaline silver precipitate is negligible. In the 
acid silver precipitate there is some organic phosphorus, but it corresponds 
roughly to the pentose concentration only in brain filtrates; hence it is un- 
likely that the pentose found here represents either nucleotide or ribose 
phosphate. 

The physiological significance of tissue deaminases and phosphatases 
with specific activity for adenylic acid is not yet understood. The powerful 
vaso-depressor properties possessed by adenosine but not by inosine (8) 
and the fact that in the catabolism of adenylic acid adenosine is produced in 
nerve tissue but not in skeletal muscle suggest the possibility that the 
liberation of adenosine from the nerve endings may play a rdle in the control 
of the capillary circulation. 

? The presence of guanine makes the determination of smal] amounts of adenine 


unreliable (9). Studies are in progress to adapt the present methods to the deter- 


mination of much smaller quantities of adenine without interference from guanine. 
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SUMMARY 


1. The course of decomposition of adenylic acid has been studied during 
postmortem autolysis in minced brain, skeletal and heart muscle, liver, 
and testes of the dog, and in ox testes. 

2. As adenylic acid disappears, no accumulation of inosinic acid occurs 
in brain, heart, or testes. In liver and skeletal muscle only a small propor- 
tion of the original nucleotide appears as inosinic acid. 

3. Decomposition of adenylic acid takes place much more slowly in intact 


than in minced tissues. 
4. Adenosine is produced in brain, heart muscle, liver, and testes, but not 
in skeletal muscle. Inosine is found in all the autolyzed tissues, but in the 


greatest amounts in skeletal muscle. 
5. The chief constituent of the free purine group is hypoxanthine in each 


of the tissues studied. 

6. Of the total acid-soluble nucleotide, 9 to 13 per cent is guanylic acid 
in brain, liver, and testes, and about 3 per cent in skeletal and heart muscle. 
Preliminary results indicate that guanosine is produced during autolysis in 
heart and liver. 

BIBLIOGRAPHY 


. Kerr, S. E., J. Biol. Chem. , 145, 647 (1942). 

. Schmidt, G., Z. physiol. Chem. , 208, 185 (1932). 

. Leonard, V. N., and Jones, W., J. Biol. Chem., 6, 453 (1909). 

. Winternitz, M. G., and Jones, W., Z. physiol. Chem., 60, 180 (1909). 

. Parnas, J. K., Biochem. Z., 206, 16 (1929). 

Ostern, P., Biochem. Z., 221, 64 (1930). 

. von Euler, H., and Skarzynski, B., Z. physiol. Chem., 263, 259 (1940). 

. Ringler, R., in Heffter, A., Handbuch der experimentellen Pharmakologie, Berlin, 

Ergainzungwerk, 7, 63 (1938). 
9. Kerr, 8. E., and Seraidarian, K., J. Biol. Chem., 159, 211 (1945). 

10. Kerr, 8. E., J. Biol. Chem., 110, 625 (1935). 

ll. Fiske, C. H., and Subbarow, Y., J. Biol. Chem. , 66, 375 (1925). 

12. Hitchings, G. H., J. Biol. Chem., 189, 843 (1941). 

13. Ostern, P., and Mann, T., Biochem. Z., 260, 326 (1933). 

14. Reis, J., Bull. Soc, chim. biol., 16, 385 (1934) ; Enzymologia, 2, 110, 183 (1937). 

15. Levene, P. A., and Dillon, R. T., J. Biol. Chem., 88, 753 (1930). Mozolowski, W., 
Biochem. Z., 206, 150 (1929). Dmochowski, A., Biochem. J.,23, 1346 (1929). Jacob- 
sen, E., Biochem. Z., 242, 292 (1931). Barrenscheen, H. K., and Lang, 8., Bio- 
chem. Z., 268, 395 (1932). 

16. Folley, 8. J., and Kay, H. D.,in Nord, F. F., and Weidenhagen, R., Ergebnisse der 
Enzymforschung, Leipzig, 5, 159 (1936). 

17. Barrenscheen, H. K., and Filz, W., Biochem. Z., 250, 281 (1932). Lohmann, K., 
Biochem. Z., 254, 381 (1932). Mozolowski, W., and Sobezuk, B., Biochem. Z., 265, 
41 (1933). 

18. Parnas, J. K., Ostern, P., and Mann, T., Biochem. Z., 272, 64 (1934). 

19. Ishikawa, H., and Komita, Y., J. Biochem., Japan, 23, 351 (1936). 

20. Komita, Y., J. Biochem., Japan, 25, 405 (1937); 27, 23 (1938). 

21. Schmidt, G., and Thannhauser, S. J., J. Biol. Chem., 149, 369 (1943). 


SCNow. whe 





























COPPER AND ZINC IN EPIDERMAL CARCINOGENESIS 
INDUCED BY METHYLCHOLANTHRENE* 


By CHRISTOPHER CARRUTHERS anv V. SUNTZEFF 


(From the Research Department of the Barnard Free Skin and Cancer Hospital, and the 
Department of Anatomy, Washington University School of Medicine, St. Louis) 


(Received for publication, May 25, 1945) 


The rdle of the alkalies, alkaline earths, and of iron in epidermal carcino- 
genesis in mice has been described (1) and the integration of the chemical, 
physical, and histological changes in mouse epidermis undergoing carcino- 
genesis has been recently reviewed in a second summarizing report by 
Cowdry (2). The experiments here recorded to determine the epidermal 
copper and zinc contents were made to complete this chapter of our studies. 


EXPERIMENTAL 


Since we have limited samples of tissue for analysis, microprocedures 
are essential. Therefore, a polarographic method was devised for the 
determination of traces of copper (3). With this procedure recoveries of 
small amounts of this metal could be accurately determined in standard 
solutions containing the cations which we previously had found in mouse 
epidermis. However, interference due to another metal was encountered 
when the procedure was applied to hydrochloric acid solutions of epidermal 
ash (3). The current-voltage curve which appeared on our polarograms 
was proved to be zinc, a fact which we had not anticipated. Since 0.1 N 
potassium thiocyanate is a supporting electrolyte for both copper and zine 
(4) and since the half wave potentials of these metals are widely separated 
(4), it was impossible to determine both metals on the same tissue sample. 
Furthermore, ferric iron does not interfere as it does not produce a diffusion 
current in the potential range used in these studies. For calibration 
purposes a standard stock solution of zinc chloride was made by dissolving 
a weighed amount of reagent grade metallic zine in dilute hydrochloric 
acid, and the copper content of a copper sulfate solution (approximately 
0.06 x from cupric sulfate) was determined iodometrically by the procedure 
of Foote and Vance (5). 

For analysis the sample of tissue was completely ashed at 450° in a silica 
crucible in a muffle furnace, and after cooling to room temperature the ash 
was dissolved in the crucible with 1 ml. of 0.1 N hydrochloric acid, to which 
were added 1 or 2 drops of concentrated nitric acid to insure complete 


* This investigation was aided by grants from The International Cancer Research 
Foundation, the National Cancer Institute, and an anonymous donor. 
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oxidation of the ferrous to the ferric ion. This solution was evaporated to 
dryness on a steam bath and just before analysis the residue was dissolved 
in the crucible with 1 ml. of 0.1 N potassium thiocyanate. Then the entire 
contents of the crucible were poured into a small shell vial, the oxygen 
removed with a stream of nitrogen bubbles, and the copper and zine 
contents determined polarographically (4). _Nucleoprotein phosphorus was 
used as a basis of reference for the amount of tissue involved (1). 

New Buffalo mice of both sexes were used and were painted with methyl- 
cholanthrene (0.6 per cent weight per volume in reagent grade benzene) 
as in our previous work (1). In this investigation all mice were sacrificed 
5 days after the last treatment with the carcinogen instead of being killed 
from 1 to 4 days as was done heretofore, in order to make the interval 
between the last application and the time of sacrificing the animal the same 
in all our studies. All mice were maintained in glass jars until weaned, at 
which time they were placed in wooden boxes which were metal-free on the 
inside. This precaution was necessary because mice that had been reared in 
galvanized wire cages were found to contain more epidermal zinc than 
those raised in metal-free containers. 

The transplantable carcinoma which we have used for all analyses has 
passed through twenty-three generations, and has remained practically 
the same morphologically. The tumor has been described by Cooper, 
Firminger, and Reller (6). The tumor transplants were removed about 10 
days after implantation, at which time they were small, solid, and with 
little, if any, necrosis. A pool of many tumors weighing between 800 and 
2000 mg. (wet weight) was employed for each analysis of copper and zine. 


DISCUSSION 


The results of our investigations on the mineral composition of mouse 
epidermis undergoing carcinogenesis are shown graphically in Fig. 1. 
The time in days is plotted against the percentage of change in the metal- 
nucleoprotein phosphorus (NPP) ratios. The possible significance of the 
changes in the minerals, except for copper and zinc, in hyperplastic epi- 
dermis and in the carcinoma has been mentioned (1). From Fig. 1 itis 
apparent that three applications of methylcholanthrene lowered the 
Cu:NPP ratio at 10 days to 45 per cent of normal. This drop is main- 
tained essentially the same for 20, 30, and 60 days, at which time the mice 
had received six, twelve, and twenty-four treatments, respectively, of the 
‘arcinogen. The copper content of the carcinoma is very low, since the 
Cu:NPP ratio was lowered to 83 per cent of normal. On the other hand 
the Zn: NPP ratio was diminished only to 20 per cent of normal after three 
treatments with the carcinogen, and at 20, 30, and 60 days the diminution 


of about 30 per cent was maintained. However, in the carcinoma the | 


Zn:NPP ratio was 68 per cent of normal, a considerable decrease. 
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An over-all study of Fig. 1 reveals that magnesium, sodium, and 
d to potassium are not appreciably altered in hyperplastic epidermis, whereas 
ved calcium and iron are very low. Zinc and copper appear to occupy an 
tire intermediate position. These studies show that in hyperplastic epidermis 
bree | a new chemical equilibrium is established as early as 10 days after one 


i: treatment with the carcinogen, and is maintained essentially unchanged 
was 
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t is Fic. 1. Magnesium, sodium, potassium, calcium, iron, copper, zinc, and ascorbic 
the acid in epidermal carcinogenesis induced by methylcholanthrene. CA represents 


carcinoma. The dotted lines (except for ascorbic acid from 35 days to 60 days) are 


1 used to designate the change from late hyperplastic epidermis to carcinoma. 

the | until carcinoma develops. It will also be noted that the rate of change of 
the | the minerals up to 30 days appears to be in a state of flux which gives way 
ind to a stable state between 30 and 60 days. 

ne In the transplantable carcinoma calcium and the heavy metals, zinc, 
al iron, and copper, are very low. (The Fe:NPP ratio shown on the graph 


includes blood hemoglobin, and may be expected to show a further drop 
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when the latter is excluded.) Therefore, the carcinoma appears to haye | 


established still a different chemical equilibrium than that of hyperplastie 





epidermis as judged from the mineral composition. The two-step decreases 
in the calcium, iron, copper, and zine contents reveal that the process oj 
epidermal carcinogenesis occurs in two distinct phases: from normal to 
hyperplastic epidermis and from the latter to the cancer cell. 

The physiological importance of zinc in the animal organism was estab- 
lished for the first time by Keilin and Mann’s discovery that the enzyme 
‘arbonic anhydrase is a zinc-containing protein (7). Zinc has also been 
found in purified preparations of uricase (8, 9), and the rdéle of this metal 


in the storage of insulin has been considered (10-12). However, the | 


importance, if any, of zinc and of copper in carcinogenesis in mice must 
await further investigation. 
TaBLe | 
Copper and Zinc Content in Epidermal Methylcholanthrene Carcinogenesis 











No. of Cu per 100 | Zn per 10 


Tissue No. of mice analyses | mg. tissue mg. tissue 
: | 7 
Normal epidermis 69 5 0.58 5.2 
Benzene-treated epidermis - 57 5 0.58 | 5.5 
Methylcholanthrene-treated epidermis ; 115 14 0.33 | 3.8 
Carcinoma 92 9 0.10 1.7 


The amounts of copper and zinc in normal, benzene-treated, and in 
hyperplastic epidermis and in the carcinoma are shown in Table I. 


SUMMARY 

The réle of copper and zinc in epidermal carcinogenesis in mice induced 
by methylcholanthrene is discussed. Hyperplastic epidermis was found 
to contain about 45 per cent less copper and about 30 per cent less zine 
than does normal epidermis. The transplantable squamous cell carcinoma 
was very low in both copper and zinc, having 83 per cent less of the former 
and 68 per cent less of the latter than that of untreated epidermis. The 
possible signification of the réle of the minerals in the process of transforma- 
tion of normal epidermis to carcinoma is briefly described, and the evidence 


to date indicates that the transformation of normal mouse epidermis to | 


squamous cell carcinoma occurs in two distinct phases. 
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INVESTIGATIONS OF AMINO ACIDS, PEPTIDES, 
AND PROTEINS 


XXI. THE DETERMINATION OF HISTIDINE IN PROTEIN HYDROL- 
YSATES WITH LEUCONOSTOC MESENTEROIDES P-60* 


By MAX 8. DUNN, MERRILL N. CAMIEN, 8. SHANKMAN, anp 
LOUIS B. ROCKLAND 


(From the Chemical Laboratory, University of California, Los Angeles) 
(Received for publication, April 3, 1945) 


Reasonably satisfactory microbiological procedures (2) for the determina- 
tion in proteins of arginine, aspartic acid (3), isoleucine, glutamic acid, 
leucine, lysine (4), serine (3), tryptophane, and valine with lactobacilli have 
been described previously but a microbiological method for the determina- 
tion of histidine has not been reported. A procedure for the determination 
of this amino acid with Leuconostoc mesenteroides P-60 is described in this 


paper. 
EXPERIMENTAL 


Solutions of the standard amino acid, the unknown, and the basal medium 
were transferred to the tubes with the aid of a Brewer automatic pipette 
(Baltimore Biological Laboratories). It was found that 1 ml. volumes of 
solution are delivered by this instrument with an error not greater than 
0.1 per cent. Solutions may be pipetted with this apparatus more con- 
veniently, with greater accuracy, and in much less time than by hand. 

It has been shown in experiments not reported in this paper that the 
growth-promoting activity of dl-histidine was only one-half that of 1 (—)-his- 
tidine. 

It seemed desirable to determine what, if any, modifications in the com- 
position of basal Medium D given in Table I of a previous publication (5) 
were required so that the capacity of the medium to resist the stimu- 
latory or inhibitory influence of amino acids or other substances introduced 
in an assay of histidine would be approximately equivalent to that found 
previously to be satisfactory in the assay of lysine. A series of experiments 
on multiple media entirely analogous to those described previously in a 
comparable investigation of lysine (5) was performed but the curves 
showing the response of the microorganism to different concentrations of 
histidine at varying levels of components of the medium have been omitted 
in order that space might be conserved. 

* For Paper XX in this series see Dunn et al. (1). This work was aided by grants 
from the Gelatin Products Company, Merck and Company, Inc., the Nutrition 
Foundation, Inc., Schering and Glatz, and the University of California. 
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It was found from measurements over a range of concentration of I(-}. 

histidine up to 25 y per tube that acid production was nearly constant for | 
the stipulated constituents over the ranges of concentrations shown in the | 
parentheses: total amino acids (1.5- to 2.5-fold levels), glucose (2 to 4 per | 
cent), sodium acetate (1.2 to 2.4 per cent), purines and pyrimiding 
(adenine, guanine, and uracil with and without xanthine, 1- to 5-fold levels). 
buffer and other salts except sodium acetate (0.5- to 5-fold levels), and vit. 
mins (0.3- to 2-fold levels). Acid production decreased markedly at ql} 
levels of histidine up to 0.3 per cent sodium chloride but it decreased 
gradually beyond this and up to 2.5 per cent sodium chloride. There was, 
continuous increase in acid production up to 1.2 per cent concentration o 
ammonium chloride. Growth (7.e., turbidities measured with a photoelectric 
colorimeter (Lumetron)) was constant at each level of histidine up to 12 
per cent concentration of ammonium chloride. It would appear, therefore, 
that assays of histidine in unknown solutions containing relatively large 
amounts of this salt might be made satisfactorily by a turbidimetric pn- 
cedure. It would seem desirable in such instances, however, to investigate 
more completely the influence of other constituents of the medium on the 

growth of the microorganism. 

In view of the statement of McMahan and Snell (6) that Leuconoste | 
mesenteroides and other microorganisms have a temperature optimum near 
30°, growth and acid production were measured at 28° and 35° at five levels 
of [(—)-histidine up to 6.4 y per tube and at intervals of 24, 48, 68, and 117 
hours. Smooth standard curves were obtained in all cases and total acid 
production at the highest level of histidine was equivalent to 1.5, 5.5, 7.4, 
and 10 ml. of 0.02 n sodium hydroxide at 28° and to 5, 8, 11, and 13 ml. at 
35°. 

On the basis of the described experiments, it was concluded that the basal 
medium and the experimental conditions employed previously for the assay 
of lysine would probably be equally satisfactory for the assay of histidine. 
Although it was demonstrated that no synthesis of histidine occurred even 
over a 6 day period, it was found that the standard curves were most satis- 
factory when the microorganisms grew for 5 days. The casein, the sik 
fibroin, and the hydrolysis procedure were the same as those described 
earlier (2) and the assay technique was the same as that given in previous 
publications. 

It was determined in an experiment designed to test the precision of the 
titration values (Table I) that there was relatively little variation in the 
number of ml. of 0.05 n sodium hydroxide required to titrate the acid pro- | 
duced in thirteen replicate samples at each of ten levels of 1(—)-histidine | 
and that the mean deviation from the mean for the entire 130 titrations was | 
only 1.8 per cent. It appeared, therefore, that the titration values did not 
vary significantly at different positions in the rack or the incubator and that 
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TABLE I 


Reproducibility of Titration Values with Leuconostoc mesenteroides P-60 at Ten Levels 


of l(—)-Histidine* 








Titration volume of 0.05 n NaOH 
Histidine per 5 ml. es oe AN as: ee ee Sa 
Range Mean 








¥ ml, mil. 
0 1.18- 1.32 24 + 0.04 
2 2.45- 2.83 | 2.62 + 0.08 
4 3.76- 4.03 3.87 + 0.05 
6 4.85- 5.12 5.01 + 0.06 
8 5.88- 6.21 6.02 + 0.10 
10 6.77- 7.49 6.95 + 0.16 
12.5 7.81- 8.51 8.02 + 0.12 
15 8.90- 9.28 9.09 + 0.12 
20 10.30-11.15 10.69 + 0.17 
25 11.70-12.12 11.92 + 0.12 





*3 day incubation period. The solutions were pipetted by hand. There were 
thirteen replicate samples at each level of histidine. The total final volume of solu- 
tion was 5 ml. per tube. 




















TaBLe II 
Results of Assay with Leuconostoc mesenteroides P-60 of Histidine in Casein 
H ydrolysate* 
Dalia Histidine found 
Cassia per tube | Tinton yalumeiohgus | __ 
Per tube Per ml. sample 
Y | ml. eae, ¥ . 7 
746 2.82 2.15 2.15 
746 2.90 2.24 2.24 
1492 4.63 4.45 2.22 
1492 4.78 4.65 2.32 
2 6.10 6.45 2.15 
2238 6.17 6.53 2.18 
2984 | 7.93 8.92 2.23 
2984 7.58 8.50 2.12 
3730 9.20 10.65 2.15 
3730 9.10 10.50 2.12 











* An average of 2.19 y of 1(—)-histidine was found per ml. of casein hydrolysate. 
The percentage of histidine in the casein uncorrected for moisture and ash was calcu- 
lated to be 2.93 per cent. It was found from sixteen comparable assays of the same 
casein hydrolysate that the histidine in casein uncorrected for moisture and ash 
ranged from 2.75 to 3.06 per cent and averaged 2.91 per cent. The average mean 
deviation from the mean at the different levels was 2.3 per cent in all assays. 

In a series of five experiments, the percentages of added histidine recovered from 
casein hydrolysates ranged from 90 to 99 per cent and averaged 95.8 per cent. 


the standard curves were satisfactorily reproducible. The precision and 
accuracy of the histidine assay data were determined by a series of experi- 














TaB_Le III 


Results of Assay with Leuconostoc mesenteroides P-60 of Histidine in Amino Acid | 


Test Mizture 1* 


= ase iaennnnetasipiieaiemmnniaseiiepmammeaiae sogmee ene enemas 
Amino acid mixture Titration volume of 0.046 Rate Sane 
per tube w NaOH per tube a —__—. 
Per tube Per ml. sample 

Y ml. Y Y a 
575 2.50 1.05 1.05 
575 2.52 1.07 1.07 
1150 3.64 2.15 1.08 
1150 3.59 2.10 1.05 
1725 4.62 3.10 1.03 
1725 + .67 3.15 1.05 
2300 5.66 1.08 1.02 
2300 5.58 4.00 1.00 
2875 6.52 4.90 0.98 
2875 6.68 5.05 1.01 


* The composition of the test mixture simulating casein was the same as that given 
in a previous paper (7) except that the mixture contained 1.74 per cent of l(—)-his- 
tidine. An average of 1.03 y of 1(—)-histidine was found per ml. of the test solution 
The percentage of histidine in the amino acid test mixture was calculated to be 1. 
per cent. The percentage of histidine recovered was 103.2 per cent. In a series of 
twelve analogous experiments, the average mean deviation from the mean of the 
values at the different levels was 2.2 per cent and the recoveries of histidine ranging 
from 97.5 to 106.2 per cent averaged 102.9 per cent. 

TaBie IV 


vith Leuconostoc mesenteroides P-60 of Histidine in Amino Acid 
Test Mixture 2* 


Res ults of Assa y 


Histidine found 








Amino acid mixtur¢ Titration volume of 0.046 
per tube wn NaOH per tube ames anes —oaremem 
Per tube Per ml. sample 

Y mi, 7 Y 
240 2.71 2.01 2.01 
240 2.79 2.10 2.10 
480 $.20 3.90 1.95 
480 4.19 3.91 1.96 
720 5.58 5.74 1.91 
720 5.62 5.76 1.92 
960 7.07 7.80 1.92 
960 7.01 7.70 1.95 
1200 8.39 9.50 i.9O 
1200 8.31 9.40 1.88 





* Contained 100 mg. per 100 ml. of each of the amino acids listed in Test Mixture 
1 except that the mixture contained 0.83 per cent of [(—)-histidine. An average of 
1.95 y of 1(—)-histidine was found per ml. of amino acid test mixture, the percentage 
of histidine was calculated to be 0.81 per cent, and the histidine recovered was 974 
percent. Inaseries of nineteen analogous experiments the average mean deviation 
from the mean of the values at the different levels was 3.2 per cent and the recoveries 
of histidine ranging from 96.1 to 105.6 per cent averaged 100.2 per cent. 
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ments entirely analogous to those described in earlier papers from this 
laboratory. These data are given in Tables II to VII. 
DISCUSSION 
Histidine in Casein 
It has been found by assay with Leuconostoc mesenteroides P-60 that the 


present authors’ casein contained 2.91 per cent of histidine (uncorrected) 
and 3.12 per cent of histidine corrected for the 6.21 per cent moisture and 


TABLE V 
Results of Assay with Leuconostoc mesenteroides P-60 of Histidine in Silk Fibroin 
Hydrolysate* 





Titration volume of 0.046 Histidine found 








Silk fibroin per tube n NaOH per tube ee 
Per tube Per ml. sample 
ml. 7 Y 
404 2.04 1.28 1.28 
404 2.19 1.45 1.45 
808 3.27 2.72 1.36 
808 3.29 2.74 1.37 
1212 4.18 3.90 1.30 
1212 4.30 4.02 1.34 
1616 5.10 5.08 1.27 
1616 5.11 5.10 1.27 
2020 6.18 6.58 1.32 
2020 6.09 6.45 1.29 





* An average of 1.32 y of 1(—)-histidine was found per ml. of silk fibroin hydrol- 
ysate. The percentage of histidine in the silk fibroin uncorrected for moisture and 
ash was calculated to be 0.33 per cent. It was found from twelve comparable assays 
of the same silk fibroin hydrolysate that the average mean deviation from the mean 
at the different levels was 2.8 per cent and the percentages of histidine in silk fibroin 
uncorrected for moisture and ash ranged from 0.31 to 0.35 per cent and averaged 0.32 


per cent. 

In a series of three experiments the percentages of added histidine recovered from 
silk fibroin hydrolysates ranged from 101.4 to 106.5 per cent and averaged 103.5 
per cent. 


0.55 per cent ash reported previously (2). At the present time it seems 
probable that this value is reasonably accurate (probably within about 5 
per cent of the true value) even though it does not agree well with some of 
the values in the literature. 

A summary of nearly all of the values for histidine in casein reported in 
the literature has been given recently by Vickery and-Winternitz (9). It is 
evident from a consideration of these data that the percentages of histidine 
obtained by different modifications of the Kossel procedure are from about 
15 to 40 per cent lower and that, with one exception, the percentages ob- 
tained by colorimetric methods are from about 10 to 30 per cent higher than 
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Tasie VI 
Results of Assay with Leuconostoc mesenteroides P-60 of Histidine in Amino Acid 
Test Mixture 3* 











Amino acid mixture Titration volume of 0.046 Histidine found 
per tube n NaOH per tube eee — 
Per tube Per ml. sample 

Y ml Y Y ia 
3,126 2.72 1.20 1.20 
3,126 2.78 1.26 1.26 
6,252 4.60 2.86 1.43 
6,252 4.53 2.80 1.40 
9,378 6.60 t.40 1.47 
9,378 6.48 1.32 1.44 
12,504 8.40 5.78 1.44 
12,504 8.37 5.76 1.44 
15,630 10.00 7.26 1.45 
15,630 | 10.08 | 7.35 1.47 


| 


* The composition of the amino acid test mixture simulating silk fibroin was the 
same as that given previously (8) except that glutamic acid (7) and lysine (8) were 
included approximately in the proportions found by the present authors. An aver- 
age of 1.40 7 of l(—)-histidine was found per ml. of amino acid test mixture, the per- 
centage of histidine was calculated to be 0.045 per cent, and the histidine recovered 
was 100.2 per cent. In a series of seven analogous experiments the average mean 
deviation from the mean at the different levels was 4.0 per cent and the recoveries 
of histidine ranging from 95 to 105 per cent averaged 100 per cent 


Taste VII 
Results of Assay with Leuconostoc mesenteroides P-60 of Histidine Precipitated from 
Casein Hydrolysate As Its Silver Salt* 





Casein hydrolysate Histidine 
asia Silver salt ppt Silver salt filtrate Total Hydrolysate 
| per cent per cent per cent per cent 
\ 2.69 0.084 2.77 2.74 (3.00) 
A’ | 2.65 0.0380 2.73 
B 2.69 0.085 2.78 2.80 (3.06 
B’ 2.67 0.054 2.72 





* Aliquots A and A’ were not subjected to any purification treatment but Aliquots 


B and B’ were distilled under reduced pressure, decolorized, and filtered. Both 
aliquots were brought to pH 7.4 for the precipitation of silver histidinate. The pH 
was determined as accurately as possible with bromothymol blue indicator and 
buffer solutions checked with the aid of a Beckman pH meter. 

Per cent histidine refers to casein uncorrected for ash and moisture. The figures 


in parentheses refer to per cent histidine in casein calculated to 15.4 per cent nitrogen. | 


the value reported in this paper. The 2.84 per cent found by Hanke and | 


Koessler (10) in 1920 by colorimetric determination of histidine in the phos 
photungstic acid precipitate of the hexone bases was about 8 per cent higher 
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than the value obtained by Hanke (11) in 1925 by colorimetric determina- 
tion of histidine in its silver salt precipitate and it is only about 9 per cent 
lower than that reported in the present experiments. 

In 1910 Van Slyke (12) found 3.1 per cent (corrected for solubility of the 
phosphotungstates) of histidine in casein (containing 15.4 per cent nitrogen) 
by his nitrogen distribution method and it was stated later (13) that there 
was no reason why fairly constant results for histidine should not be ob- 
tained. Nevertheless, values ranging from 3.4 to 3.9 per cent were reported 
subsequently by Van Slyke (14) and other investigators (7, 8,15-17). Van 
Slyke (14) and Gortner and Sandstrom (18) recovered 90 and 96 per cent of 
histidine from mixtures containing fourteen and sixteen amino acids, respec- 
tively, but no tryptophane, while the latter authors recovered 120 per cent 
of histidine from a mixture containing tryptophane. It appears, therefore, 
that the percentage of histidine in casein determined by the nitrogen distri- 
bution method may be as much as 20 per cent high. The literature values 
for histidine in casein, corrected on this basis, would range from 2.7 to 3.1 
per cent. 

In 1940 Albanese (19) described a procedure in which the basic amino 
acids were first separated by electrodialysis from other amino acids and 
humin. Arginine was precipitated as the monoflavianate, excess flavianic 
acid was removed by electrodialysis, and histidine was precipitated as the 
mercuric chloride complex. Arginine was calculated from the weight of its 
monoflavianate, histidine from the nitrogen content of its mercuric chloride 
complex, and lysine from the nitrogen content of the final filtrate. Tests 
of the precision and accuracy of this procedure showed that about 99 per 
cent of arginine and histidine and about 97 per cent of lysine were recovered 
from a mixture containing eleven amino acids. The percentages in casein 
(containing 15.4 per cent nitrogen) of histidine (3.1), lysine (8.3), and ar- 
ginine (3.6) shown in the parentheses were nearly identical with the values 
for histidine given in this paper and for lysine (4) and arginine (2) reported 
previously by the present investigators. 

A micromethod for the determination of histidine has been described 
recently by Saidel and Brand (20). Histidine was precipitated from pro- 
tein hydrolysates with HgCle, the precipitate was purified and dissolved in 
HCl, and histidine was determined by colorimetric analysis, with a spec- 
trophotometer, of the product formed by coupling with diazotized sulfanilic 
acid in the presence of sodium cyanide. Concordant standard values for 
histidine were obtained with amino acid mixtures simulating the com- 
position of several proteins and, except for 8-lactoglobulin, the values found 
for histidine in proteins were higher than those reported for isolation pro- 
cedures. Casein was found to contain 2.9 per cent of histidine corrected 
for moisture and ash.? 


' Personal communication from L. J. Saidel and E. Brand. 
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The percentage of histidine, 2.53 + 0.09, in casein (containing 15.75 pe 
cent nitrogen on an ash- and moisture-free basis) was reported recently by 
Vickery and Winternitz (9) who determined histidine as its bis-3 , 4-dichlon. 
benzenesulfonate after precipitating histidine as its silver salt from a hy. 


drochloric acid hydrolysate of the protein. This figure agreed quite wel | 


with the values (2.4 to 2.6 per cent) obtained previously by the Kossel ang 
Patten procedure in which histidine was precipitated first as its silver salt 
and then as its mercuric sulfate complex. It was much higher, however, 
than the values (1.7 to 1.9 per cent) found by more recent, supposedly im. 


proved Kossel procedures. Vickery and Winternitz concluded that “gp | 
accuracy of an order of somewhat better than +3 per cent is to be anti¢ | 


pated with samples of proteins that yield 100 mg. or more of histidine” and 
that, “On the assumption that the data from the recovery experiments ar 
applicable, the figures are probably within 2 to 3 per cent of the true pro 
portion of histidine yielded by these proteins.” It is apparent that all of 
the experimental manipulations were performed with the utmost care and 
it is considered that the precision and accuracy of the data reported ar 
higher than any attained previously by the original or any modification of 
the Kossel method. 

The experiments of Vickery and Winternitz can be accepted as evidence 
that the histidine content of casein is not less than 2.5 per cent. If it wer 
assumed that the true histidine content of casein is 3 per cent, it would fol- 
low that the experimental procedure employed by these investigators is 
subject to some undiscovered error. The only part of the method which 
was not tested rigorously was the completeness of the precipitation of his 
tidine as its silver salt. It was stated that “reliance is placed . . . upon the 
complete insolubility of the histidine compound of silver that is formed at 
the isoelectric point of histidine. No evidence has come to the attention d 
the writers that suggests that this substance possesses a solubility that is 
significant in experiments on the scale of these.” 

It was shown by Vickery and Winternitz that pure histidine was 
recovered nearly quantitatively from its aqueous solution by direct crystal- 
lization of the disulfonate as well as after carrying it through the entire pro- 
cedure of precipitation as its silver salt and isolation as the disulfonate. 
Recoveries of comparable accuracy obtained with filtrates from the pre 
cipitates of histidine silver in the course of analyses of edestin and casei 
may not be entirely dependable, however, because of the possibility that 
appreciable quantities of histidine silver may remain in solution even though 
all of the added histidine were recovered. 

It is of interest in this connection that only from 1.8 to 2.2 per cent d 
histidine in casein has been found by investigators (21-24) who isolated 
histidine first as its silver salt and then as its nitranilate. It was reported 
that 96 per cent of histidine added to a casein hydrolysate was recovered 
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and that from 90 to 95 per cent of histidine added to the protein prior to 
hydrolysis was usually recovered. 

The following experiment was performed to determine the extent to which 
histidine is precipitated as its silver salt from a casein hydrolysate under 
conditions duplicating as exactly as possible those outlined by Vickery and 
Winternitz. The acid hydrolysate from 25.159 gm. of casein? and 300 ml. 
of concentrated hydrochloric acid was accurately diluted to 500 ml. and 
silver histidinate was precipitated from four aliquots. The silver in the 
precipitates and filtrates was removed as silver chloride and the histidine 
in the original hydrolysate, the filtrates, and the hydrochloric acid solution 
obtained from the precipitates was determined microbiologically by the 
method given in this paper. The results of this experiment are given in 
Table VII. 

The average (uncorrected) value, 2.77 per cent, for histidine in the hy- 
drolysate agrees closely with the average value, 2.75 per cent, for total 
histidine recovered from the four aliquots. It is of interest that this casein 
preparation calculated to 15.4 per cent nitrogen contained 3.0 per cent his- 
tidine, in close agreement with the percentage of histidine found in the 
casein sample referred to earlier in this paper. 

The finding that only about 3 per cent of the histidine in the casein hy- 
drolysate escaped precipitation as the silver salt appears to substantiate the 
view of Vickery and Winternitz concerning the low solubility of silver 
histidinate at pH 7.4. On the other hand the 2.92 (corrected) per cent of 
histidine found by the present authors in the silver histidinate precipitated 
from a casein hydrolysate (calculated to 15.4 per cent nitrogen) is about 17 
per cent higher than the 2.50 per cent which Vickery and Winternitz believe 
to be correct within +3 per cent for casein containing 15.75 per cent nitro- 
gen (corrected for ash and moisture). 

At the present time it cannot be determined which of these figures for the 
percentage of histidine in casein is more nearly correct. It has been 
assumed by some investigators that differences of this magnitude may be 
accounted for on the hypothesis that casein prepared from different milk 
samples by different procedures may differ markedly in amino acid composi- 
tion. While it is true that the non-homogeneity of purified casein has been 
established by electrophoresis studies, it does not follow, necessarily, that 
the fractions contain grossly different percentages of any amino acid. 


Histidine in Silk Fibroin 
The histidine content of silk fibroin was found to be 0.32 per cent, un- 
corrected, and 0.34 per cent corrected for the 5.68 per cent moisture and 


*S. M. A. vitamin-free casein containing 8.57 + 0.03 per cent moisture, 0.93 + 
0.05 per cent ash, and 14.06 (14.07, 13.99, 14.13) per cent nitrogen, uncorrected, and 
15.4 per cent nitrogen corrected for moisture and ash. 
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0.25 per cent ash reported previously (2). Abderhalden (25) found 0,75 
per cent and Vickery and Block (26) 0.06 and 0.076 per cent by modified 
Kossel procedures. It was stated by the latter authors that the figure ob- 
tained by Abderhalden probably was high, since it was obtained by caleula- 
tion from the nitrogen content of the histidine fraction. It was assumed. 
also, that the figures reported by Vickery and Block were minimal values, 
since they were obtained by isolating and weighing histidine diflavianate, 


SUMMARY 


Casein and silk fibroin have been found to contain 3.1 and 0.34 per 
cent, respectively, of histidine by microbiological assay with Leuconostoc 
mesenteroides P-60. A preliminary study has been made of the precipita- 
tion of histidine as its silver salt at pH 7.4 from a casein hydrolysate. 
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A SIMPLIFIED HYDROGENATION TECHNIQUE FOR THE 
DETERMINATION OF BLOOD PLASMA TOCOPHEROLS* 


By MARY LOUIS? QUAIFE ann RAYMOND BIEHLER 


(From the Laboratories oj Distillation Products, Inc., Rochester, New York) 
(Received for publication, May 17, 1945) 


The chemical method of Quaife and Harris' for the estimation of toco- 
pherols in blood plasma employs hydrogenation as a technique for quantita- 
tive removal of interfering vitamin A and carotenoids. However, this step 
is somewhat lengthy for routine analysis and requires equipment not 
commonly available. Accordingly, we have developed and now use a 
hydrogenator,” to be described in this note, which shortens the time for a 
single determination of vitamin E in plasma to about 30 minutes. In 
addition, its applicability to general laboratory hydrogenation on a semi- 
micro scale is suggested and illustrated by results obtained with cinnamic 
acid. 

Fig. 1 shows a drawing of the apparatus. Hydrogen gas from the supply 
tank is bubbled through the alcohol in Tube A by means of the micro 
porous disperser tube. The gas, saturated with alcohol vapor, is then 
bubbled through the sample in Tube B. The exhaust gas passes through a 
pressure gage and needle valve. By means of the needle valve plus the 
pressure-regulating valve on the tank, the pressure of gas in the system can 
be maintained at any desired level. 

The revised hydrogenation step is as follows: 10 ml. of the Skellysolve 
extract of plasma are evaporated to dryness in a 50 ml. conical centrifuge 
tube and taken up in 10 ml. of ethanol. When the solution is cooled to 
room temperature, catalyst is added and stirred up thoroughly with a glass 
rod. The tube is clamped into position and the pressure-regulating valve 
(two-stage hydrogen reduction valve) on the tank is opened to 15 pounds. 
The needle valve, which has been closed, is now opened slightly to permit a 
rapid but smooth flow of gas. This operation is performed quickly so as 
to maintain a good suspension of catalyst. However, contact between the 
solution and the rubber joint on the gas delivery tube must be prevented, 
since ethanol extracts impurities which affect the Emmerie-Engel reagent. 
After the reduction has proceeded 1 minute, the hydrogen tank valve is 
closed, atmospheric pressure is restored by gradual opening of the needle 


* Communication No. 71 from the Laboratories of Distillation Products, Inc. 

! Quaife, M. L., and Harris, P. L., J. Biol. Chem., 156, 499 (1944). 

* Available through the Vacuum Equipment Division, Distillation Products, Inc., 
Rochester 13, New York. 
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Fic. 1. Semimicro hydrogenation apparatus. See the text for a description of the 


operation. 
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Fig. 2. Effect of pressure on completeness of hydrogenation of cinnamic acid. 1 
gm., dissolved in 10 ml. of ethanol, was hydrogenated with 5 per cent Pd-CaC0, 
catalyst for 10 minutes at the following pressures: Curve A, control, unhydrogenated; 
Curve B, 0 pounds; Curve C, 15 pounds; Curve D, 30 pounds. The solutions were 
diluted to 0.001 per cent for the ultraviolet spectra. 


valve, and the tube is removed, corked, and centrifuged. The remainder 
of the analysis is carried out as described previously.’ 
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It was found that the hydrogenated extract tends to be unstable, espe- 
cially to air, intense light, heat, and continued contact with the activated 
catalyst. Accordingly, a series of six samples is the suggested number to 
be hydrogenated successively,’ followed immediately by centrifugation 
and completion of the analysis. 

Since this new step utilizes one piece of glassware for solvent transfer, 
hydrogenation, and separation of catalyst, loss of the solution is minimized 
and it is easy to obtain the 8 ml. aliquot needed for the Emmerie and Engel 
color reaction. 

By the technique outlined above, solutions of crystalline carotene in 
ethanol were hydrogenated and found to give no reduction of the Emmerie- 
Engel reagent. The concentration of carotene was greater than would 
be provided by an original concentration of 1000 y per 100 ml. of plasma. 
Further trials showed that saturated solutions of carotene in ethanol are 
completely decolorized by this procedure. 

Solutions of pure a-tocopherol in ethanol, comparable to a plasma level 
of 1.08 mg. per cent, were hydrogenated similarly and assayed. Average 
recovery for six samples was 97.8 per cent. Finally, six human plasma 
samples were analyzed in duplicate by both old and new hydrogenation 
steps. Good agreement was shown in values for plasma vitamin E ob- 
tained by the two techniques. The average difference was +1.3 per cent. 

Aside from its use in the procedure for determining tocopherol in plasma, 
the apparatus may be adapted for general laboratory hydrogenations. 
For example, cinnamic acid was hydrogenated and the progress followed by 
ultraviolet spectrophotometry. The absorption peak at about 274 my 
disappears with conversion to dihydrocinnamic acid. In one experiment 1 
gm. samples of cinnamic acid dissolved in 10 ml. of ethanol were hydro- 
genated for 10 minutes, according to the technique described, to an extent 
of about 53 per cent at 0 pounds pressure, 77 per cent at 15 pounds pressure, 
and 91 per cent at 30 pounds pressure (see Fig. 2). Apparently the degree 
of hydrogenation is increased as the pressure is increased. Complete 
reduction can be achieved by using longer hydrogenation times. 


SUMMARY 


An apparatus suitable for hydrogenation on a semimicro scale is 
described. By its use the Quaife and Harris procedure! for analysis of 
blood plasma vitamin E is simplified and shortened. Application of the 
apparatus to general laboratory hydrogenation is suggested and illustrated. 


* Clean disperser tubes are used for each hydrogenation. They may be reused 
after an acetone wash, followed by air drying. When the pores of the disperser tubes 
become clogged on prolonged use, they should be discarded. 

*An Adam Hilger medium quartz spectrograph with a Spekker photometer was 


used. 

















POLAROGRAPHIC STUDiES OF PROTEINS AND THEIR 
DEGRADATION PRODUCTS 


I. THE “PROTEIN INDEX” 


By OTTO H. MULLER* anp JOHN STAIGE DAVIS, Jr. 
(From the Department of Anatomy, Cornell University Medical College, New York City) 
(Received for publication, May 7, 1945) 


In 1933, Brdi¢ka (1) discovered that proteins and polypeptides contain- 
ing cystine or cysteine, when dissolved in a suitably buffered cobalt solu- 
tion, produce a catalytic reaction during electrolysis at the dropping 
mereury electrode. This observation became of clinical importance when 
analyses of blood sera of normal individuals and of persons suffering from can- 
cer revealed significant differences in the height of the polarographic waves 
resulting from these reactions (2,3). Like many other tests, the polaro- 
graphic cancer test unfortunately was not specific; numerous subsequent 
investigations have demonstrated that serum or plasma proteins in many 
diseases besides cancer will give abnormal polarographic waves and that 
occasionally even blood of a person with a malignant disease will fail to be 
polarographically different from that of a normal individual. Variations 
and modifications of the original procedure of Brdiéka so far have failed 
to improve this condition significantly, but the polarographic protein test 
has nevertheless proved of value for the study of disease in general. 

We were interested in applying this polarographic technique to a study 
of rheumatoid arthritis and similar diseases and tried out several of the 
tests proposed by Brdiéka. Since all of these are empirical, a comparison 
of the results is impossible unless the experimental conditions are absolutely 
identical. As a basis of reference, therefore, a ‘“‘normal’’ blood must be 
analyzed simultaneously with each series of unknowns; appreciable varia- 
tions in the “‘normals’’ make this basis rather uncertain. To overcome 
these difficulties, we developed a new method of expressing the results of 
such studies, the protein index. 

The new method is simple and is applicable to routine blood analyses; 
it is especially designed to avoid the need for rigid temperature control and 
calibrations of the dropping mercury electrode. One merely determines 
the ratio of the wave heights obtained in two widely differing empirical 
tests made on the same blood with the same dropping mercury electrode 
under identical experimental conditions. After multiplying this ratio by 
an arbitrary factor, one obtains values which we have called the protein 


* Present address, Department of Physiology and Pharmacology, University of 
Nebraska, College of Medicine, Omaha 5, Nebraska. 
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index. Since the two tests chosen for this analysis show deviations fg 
abnormal blood which are usually in opposite directions, the resulting | 
index magnifies these deviations from the normal and thus improves the | 
sensitivity of the analysis. It will be shown in this paper that, within the 
range observed with normal and abnormal bloods, the index values are byt | 
little influenced by the usual variations in “room” temperature and by 
considerable changes in the drop size and drop time of the dropping mer. 
cury electrode. It is therefore possible to characterize a given blood by its 
protein index and thus give a quantitative expression of its deviation from 
a standard. Variations in the protein indexes of the blood of normal in- 
dividuals and patients and of some animals will be discussed in subsequent 
papers in which evidence will also be presented that the protein index of 
any given “normal” individual is remarkably constant over long periods 
of time. This new method, therefore, eliminates the necessity of simulta- 
neous analyses of a “normal’”’ with an unknown blood. 

Besides illustrating the limits of applicability of the protein index, the 
studies on the effect of drop time and drop size on the catalytic protein 
waves brought out a relationship which had not been recognized before, 
As will be shown below, the height of these waves is practically independent 
of changes in the drop time of a given electrode but seems to be proportional 
to the surface area of the drops or to the two-thirds power of the radius of 


the capillary orifice. 





Determination of Protein Index 


The two tests we used in determining the protein index are modifications 
of some of Brditka’s procedures (2-4). To distinguish them readily, we 
have called them digest and filtrate tests respectively. The possibility of 
further refinement in these tests is anticipated, but should not alter the 
value of the principle of measurement which is proposed in this and sub- 
sequent papers. We rigidly adhered to the following procedures. 

Digest Test—To 0.50 ec. of oxalated plasma are added 0.50 cc. of water 
and 0.25 ce. of 1.0 N potassium hydroxide. This solution is thoroughly 
mixed and left standing at room temperature for 30 minutes. Then 0.05 
ce. of the alkaline digest is added to 10.0 ec. of a buffered cobalt solution 
and polarographed immediately in an open beaker, starting at —0.8 volt 
versus the saturated calomel electrode. The buffered cobalt solution 
must be freshly prepared and consist of 1.6  10-* m cobaltous chloride, 
0.1 N ammonium chloride, and 0.1 N ammonium hydroxide (care must be 
taken to add the ammonium hydroxide last, to prevent precipitation of 
some of the cobalt). 

Filtrate Test—To 0.50 cc. of oxalated plasma are added 1.00 cc. of water 
and 0.10 cc. of 1.0 N potassium hydroxide. After this has stood for 30 
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minutes at room temperature, 1.00 cc. of 20 per cent sulfosalicylic acid is 
added and the mixture is vigorcusly shaken. Exactly 10 minutes after the 
addition of the protein precipitant, the suspension is poured through a 
Whatman No. 5 filter paper (5.5 cm. in diameter). The resulting clear 
filtrate is fairly stable and can be analyzed when convenient. 0.50 cc. of 
this filtrate is added to 5.0 cc. of a solution consisting of 0.001 m hexam- 
monium cobaltic chloride, 0.1 N ammonium chloride, and 0.8 N ammonium 
hydroxide. (Because of the volatility of the ammonia, the latter solution 
must be kept in a well stoppered bottle and should be pipetted but a few 
minutes before the filtrate is added.) The mixture is polarographed im- 
mediately, in an open beaker, starting at —0.8 volt (versus the saturated 
calomel electrode). 

In the digest test, as a rule, the height of the catalytic wave becomes 
smaller the greater the deviation of the blood from ‘‘normal,’’ while the 
opposite is true for the filtrate test. In our new method, the wave height 
obtained in the filtrate test is divided by that found in the digest test for 
the same blood sample under identical experimental conditions. This 
ratio, multiplied by a suitable factor, gives us the protein index which is used 
to compare different blood samples; it becomes larger the greater the 
deviation of the blood from normal. 

The purpose of multiplying the ratio by a factor is to get whole numbers 
for the protein index, starting with unity for the lowest “normal” value. 
This factor is 15 if the wave heights are expressed in microamperes or, as 
read directly off the polarogram, if they are expressed in mm. and the 
galvanometer sensitivities used in the two tests are the same. However, 
if the filtrate wave is recorded at a higher galvanometer sensitivity than the 
digest wave, as is more often the case, the factor will include a correction 
for this difference in sensitivity and be smaller (e.g., if the digest wave is 
taken at 1/150 and the filtrate wave at 1/100 of maximum galvanometer 
sensitivity, the factor is 10). 

To illustrate this method, a polarogram showing both digest and filtrate 
tests of three sufficiently different plasmas is reproduced in Fig. 1. This 
and all other polarograms were recorded with a Heyrovsky-Shikata polaro- 
graph, Nejedl¥’s model VIII. The galvanometer used had a maximum 
sensitivity of 2.1 X 10-* amperes per mm. at 1 meter. A saturated calomel 
half-cell served as a non-polarizable electrode; it was connected to the test 
solutions by means of potassium chloride and potassium nitrate agar 
bridges.! 

The first wave in each of the curves of Fig. 1 is due to the reduction of 
cobalt, which results in a steep maximum in the absence of a maximum sup- 


' For a discussion of the principles of polarography and of the terms used see the 
monographs of Heyrovsky¥ (5), Kolthoff and Lingane (6), and Miller (7). 
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pressor (1, 5-7). The presence of protein in the digests fully suppresses 
this maximum and leads to a short horizontal portion in the curve whic 
can be used as a convenient base-line for measuring the height of the pro. 
tein double wave which follows (see Curves A, B, C, Fig. 1). The proteip 
degradation products left in the filtrate are less effective in suppressing 
maxima; only when they are present in relatively high concentrations do 
they suppress the cobalt maximum entirely (compare Curve a, Fig. |, 
with Curves 6 and c). Since this situation is rare and no other satis. 
factory suppressor for this maximum is known,’ we have used as a base-line 
the height of the cobalt wave found with the test solution in the absence of 
filtrate (not shown in Fig. 1). The wave heights of the double wave are 
then measured always to the second peak of this wave. 
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Fic. 1. Polarogram showing digest curves (capital letters) and filtrate curves 
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lower case letters) of plasmas from (a) a dog with severe infection, (b) a dog with 
mild infection, and (c) a normal human being. 


It may be seen from Fig. 1 that the smallest digest wave (Curve A) is 
obtained with the plasma which gives the largest filtrate wave (Curve 4), 
while the largest digest wave (Curve C) corresponds to the smallest filtrate 
wave (Curve c). Since the galvanometer sensitivities used in this case 
were 1/150 and 1/100, the ratio of filtrate to digest wave must be multiplied 
by 10, to give the following protein indexes: (a) = 17.8, (b) = 7.4, (c) = 
2.4. These results are significant to the first decimal when the experi- 


? Winzler, Burk, and Hesselbach (8) used caffeine to “‘suppress oxygen and cobalt 
maxima”’ in a solution very similar to the filtrate test solution. We cannot recom- 
mend this procedure because (a) there is no need to suppress the oxygen maximum, 
(b) in the concentrations used, caffeine not only lacks any effect on the cobalt maxi- 
mum but may actually suppress the double wave, and (c) at higher concentrations, 
the caffeine definitely suppresses the double wave, while the cobalt maximum is but 
slightly affected. 
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mental conditions are sufficiently constant. It will now be shown that 
such values are still good to the nearest whole number during sniall fluctua- 
tions of the room temperature and when obtained with capillaries of differ- 
ing characteristics. Classification of different bloods by whole numbers is 
quite adequate at present, since in our experience the protein indexes may 
range from 1 to 4 for ‘“‘normal” and up to 20 for abnormal human plasmas. 


Effect of Temperature 


Because a catalytic reaction is involved, the effect of temperature on the 
double wave is unusual, and its careful study may contribute significantly 
to an understanding of this reaction (9). However, the instability, espe- 
cially at elevated temperatures, of both the proteins and the test solutions 
in which they are examined renders such an investigation extremely diffi- 
cult. For purposes of orientation, we have made some crude experiments 
which seem adequate for indicating the magnitude of the errors involved 
in insufficient temperature control. 

In Figs. 2 and 3 are reproduced typical polarograms of the digest and 
filtrate tests, respectively. Each solution was kept in a small open beaker, 
partially immersed in water contained in a larger vessel. The temperature 
of this water bath could be changed quickly and the curves were recorded 
as soon as the temperature of the test solution was within 1° of that of the 
bath. In spite of all haste, about an hour elapsed between the recording 
of the first (at the lowest temperature) and the last curve, during which time 
the solution had altered considerably. To get a notion of the magnitude 
of this change, each solution had been analyzed immediately before this 
experiment at room temperature (25°). 

As may be seen from Figs. 2 and 3, the most pronounced effect of tem- 
perature is on the first component of the double wave. At lower tempera- 
tures, this wave decreases out of proportion to the rest of the waves and 
seems to disappear entirely in the filtrate test at 1°. On the other hand, 
we have found that at temperatures above 30° the first portion of the 
double wave in the filtrate test becomes even larger than the second portion. 
Since the first catalytic wave can be made to overlap with the second in 
the digest test by a 10-fold increase in the ammonium hydroxide concen- 
tration of the test solution, we feel that this first catalytic wave is largely 
controlled by the activity of free ammonia in the solution which is increased 
at higher temperatures. 

Fortunately temperature has a much smaller effect on the second portion 
of the double wave which we measure to get the protein index. Inspection 
of Figs. 2 and 3 reveals that the height of this wave shows a consistent in- 
crease with temperature in the digest test, while in the filtrate test a definite 
increase with temperature below 16° is followed by a decrease in the wave 
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height above this temperature. Unquestionably most of this decrease js 
caused by"decomposition of the solution; the fact that the wave cannot be 
further increased by a rise in temperature suggests that the final rate. 
limiting reaction must be independent of temperature. By comparing 
appropriate curves of these polarograms with those obtained in the pre 
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Fic. 2. Polarogram showing the effect of temperature on digest curves of normal 
human plasma. 
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Fic. 3. Polarogram showing the effect of temperature on filtrate curves of plasma 
from a patient with carcinoma. 
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liminary runs carried out at 25°, we were able to ascertain that the digest 
wave had decreased 5.3 per cent and the filtrate wave 14.3 per cent up t 
the time that these curves were recorded. The greater decrease in the 
filtrate wave is caused by the more rapid loss of ammonia from this more 
concentrated solution at higher temperatures. 

In order to get an idea about the magnitude of the effect of variations in 
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room temperature on the protein index we had to make a number of crude 
approximations. First, we corrected the wave heights observed between 
16-32° to the most reasonable figures based on the measured decomposition 
at 25°. Then we calculated the protein index, multiplying the ratio of 
filtrate to digest by 15. Although the plasmas and the dropping mercury 
electrodes used in the two tests were not the same, this procedure is justi- 
fiable because the values thus obtained approximate the highest ever ob- 
served by us in actual analyses of human plasmas, and thus permit us to 
estimate the temperature effects when they are largest. The data involved 
in these calculations are shown in Table I. From these it can be seen that 
higher indexes may be expected at lower temperatures, and that a range of 
room temperatures from 21—26° could cause deviations as high as two units 


TaBLe I 
Effect of Temperature on the Protein Index 
Data from Figs. 2 and 3. 




















Wave height . 
Ratio, 
Temperature Observed | Corrected filtrate | Protein index 
digest 
Digest | FFiltrate | Digest Filtrate | 
%. mm. mm. mm. mm. 
16 50.8 | 384.5 52.7 15 23 
18 33.0 
20 | 47.5 | | 
21 | | 36.0 51.6 14 21 
22 35.5 | 
25 | 43.2 
26 37.4 | «39.5 50.0 13 ' 19 
30 | 38.2 | ! 
31 | 42.7 | 48.5 il 17 
32 40.0 | | | 











in the protein index if the latter has a value of about 20. This deviation 
obviously is less when the protein index is smaller and it is furthermore 
counteracted by an opposite effect of temperature on the speed of denatura- 
tion of the proteins in an alkaline solution. For instance, identical solu- 
tions of plasma plus potassium hydroxide, when left standing for 30 minutes 
each at 5°, 14°, 26°, and 37.5°, and then added to a cobalt buffer at 26° and 
polarographed, gave protein double waves which were 54.7, 54.4, 46.6, and 
39.5 mm., respectively, in height. This balancing of temperature effects 
could be further demonstrated on a human plasma with a high protein 
index, which was analyzed on two different days at room temperatures of 
23° and 26°. The wave heights obtained in the filtrate and digest tests 
were 75.6 and 68.2 mm. at 23° and 75.5 and 67.8 mm. at 26°. Multiplying 
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the filtrate to digest ratios by 10, one gets index values of 11.10 and 11,19 
respectively. We may conclude, therefore, that small fluctuations in roop 
temperature do not affect the values of the protein index significantly. 


Effect of Drop Time and Drop Size of the Dropping Mercury Electrode 

The effect of concentration of the reacting material and of the drop time 
and drop size of the electrode on the diffusion current, obtained during the 
direct reduction of electroactive material, can be predicted from the Ilko- 
vié equation (10). Unfortunately, this equation is not applicable t 
catalytic currents of the type observed in these protein reactions. Brditk 
(11) was able to derive an equation, based on Langnwuir’s adsorption jgo- 
therm, which expressed fairly well the relationship between catalytic 
eurrent and concentration. However, the determination of the three 
constants contained in this equation is so complicated and time-consuming 
that it is out of the question for routine work. Experiments carried out 
in this laboratory have shown furthermore that these constants vary with 
different plasmas and proteins and with different experimental conditions 
(see also Brdi¢éka (11) and Heyrovsky (5)). 

There are no quantitative data in the literature concerning the effect of 
drop time and drop size on the height of the catalytic protein wave. This 
problem was consequently studied in some detail. To illustrate the r- 
sults by a typical example, two polarograms have been reproduced in Fig. 
4. They show a digest and a filtrate test of the same human plasma, ob- 
tained with two different dropping mercury electrodes under varying 
pressures. The evaluation of these curves and the calculations based 
thereon are given in Table II. These data are uncorrected for the in- 
evitable deterioration of the solutions with time (it took 30 and 40 minutes 
to prepare the two polarograms), the magnitude of which again was ascer- 
tained by a suitable preliminary experiment. ‘The filtrate curves were 
recorded, starting with an applied voltage of zero (versus the saturated 
calomel electrode) instead of —0.8 volt, so that the second step in the 
reduction of the trivalent cobalt (at —1.0 volt) could be measured with 
greater certainty; the first step in this reduction is masked by the oxygen 
maximum (at —0.1 volt) with which it overlaps. 

All currents were measured in two different ways indicated on some of 
the curves of Fig. 4 (to preserve the clarity of the polarograms, the wave 
heights are not drawn in for all of the curves). The results are given iD 
Table II. We first followed the customary procedure of evaluating the 
protein waves; namely, measuring the maximum of the galvanometer excur- 
sions as in Fig. 4, Curve a. Since measurement of the average of the gal- 
vanometer oscillations has yielded the theoretically most satisfactory 
values when regular diffusion currents are involved (12), the currents were 
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also measured in this fashion (see Fig. 4, Curve e). To distinguish the 
data, values obtained by the latter method are given in bold-faced type 
in Table II. The accuracy of these measurements is somewhat less than 
that customary in determining diffusion currents, mainly because of un- 
certainties about the complete suppression of the cobalt wave in the filtrate 


test. However, the results are sufficiently consistent in themselves and 
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Fic. 4. Polarograms showing the effect of drop time and drop size on digest and 
filtrate curves of plasma from a patient with carcinoma. (The experimental data are 


given in Table IT.) 


agree with other similar determinations well enough to warrant a careful 
scrutiny. 

As has been shown by Miiller (13), the following two constants fully 
characterize a given capillary: p, the radius of the capillary orifice and «, 
the capillary constant (the pressure of mercury, in cm., necessary to force 
1 mg. of mercury through the capillary per second). These constants were 
determined for the two capillaries used in the preparation of Fig. 4, and are 
given in Table II. Knowing p, we were able to calculate the back pressure 
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(13) and thus correct the apparent pressures listed in Table II. The cor. 
rected pressures, divided by x, then give us the values for m, the flow of 
mercury in mg. per second (13). 


Tasie II 
Effect of Drop Time and Drop Size on Digest and Filtrate Waves and on Protein Digest 























| Curve (Fig. 4)... puexddans | @ | »b ¢ d e Se | hid 
ang ae Fae ae 5 2 ee ee 
| Capillary No... .. “1 = 266, p= 27.24) 2 (« = 46.7, p = 14.94) 
Apparent pressure, cm.. | 70.0 | 60.0 | 50.0 | 40.0 | 30.0 | 74.0 | 63.0 | $3.5 | 43.5 
| ™, mg. per sec. 3.57) 2.19) 1. 82| 1.44) 1.06 = 1.31 1.10) 0.89 
a ——— a mnaees Eons Reaeen See ney Pann Pi: 
Digest | ¢, sec. | 2.7} 3.2) 3.8) 4.8) 6. 6 2. 5| 2.9) 3.4 4.3 
test | Cobalt wave, mm. | 23.6} 21.8) 20.2) 18.1) 16.2) 15. 9) 14.8)13.5/12.5 
| « © /m*!4ti® | 10.7) 10.7) 10.9] 11.0) 11.4) 40.3) 10.3/10.4/10.8 
Double “mm. 51.7) 51.7) 51.0) 50.6) 50.4) 33. 5| 34. 4/34.7/34.8 
/m*/42/3 | 14.2) 14.1] 14.2) 13.9} 13.8} 13. 6) 14.1/14.4/14.3 
| [ee 5.7| 5.7, 5.6) 5.6) 5.6) 5.5) 5.7) 5.7] 5.7 
Cobalt “ mm. | 28.3) 21.5) 19.6) 17.5) 16.3) 15. - 14.8)13. 412.4 
a “«  /m/t/6 | 10.5) 10.5) 10.5) 10.6) 10.8) 10.3) 10. 410. 3/10.7 
Double “ mm. | 60.8) 60.4) 49.4) 47.8) 45.9] $2.7| 33.9/83.7/33.6 
- “  /me/tt/® | 14.0) 13.7) 13.6) 13.1) 12.6) 13. 3) 13. 9/14. 0113.8 
| “6 gals 5.6 5.5 5.3) 5.1) 5.4) 5. | 5. 5 5.5 
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Filtrate t, sec. § 
test | Cobalt wave, mm. .2} 13.0 
}  « “  /m2/30/6 | 10.0; 9.9 9.6} 9.2) 9.1) 10.8) 10.3) 9.7) 
| Double “ = mm. 57.4) 58.1) 57.7| 59.6) 60.7) 35.2) 36.1/37. 1\38.5 
 * “ /mryels | 15.4) 15.8) 15.5] 16.1) 16.5| 14.3] 14.8/15.5/15.9 
Bay : 6.3| 6.4) 6.4) 6.5 6.7| 5.8) 5.9) 6.1) 6.3 
| Cobalt “ mm. 22.6) 20.3 18.1) 15.6) 13.0) 17.2) 15.0/12.9/11.2 
| © — & fmrigts | 10.0] 10.0, 9.7} 9.4) 9.1) 11.1) 10.6) 9.9) 9.7 
| Double “ mm. | 55.4) 55.9| 64.6) 55.0) 53.9| 34.0) $4.8)35.4136.0 
‘. “ /mal4e's | 14.9) 15.2) 14.7) 14.9) 14.6 13.8) 14.2/14.714.8 
“pr 6.1) 6.2 6.0 6.1 6.0} 5.6 5.7] 5.8) 5.9 
Protein | Maximum galvanom- | 11.1) 11.2) 11.3) 11.7, 12.0) 10.5} 10.5/10.7|11.1 
index eter excursions 
Average galvanometer| 10.9) 11.1) 11.1) 11.5) 11. 7 10.4) 10.3/10.5)10.7 
excursions 


{ 








k= , capillary constant; p = radius of the capillary orifice; m = flow of mercury; 


t = drop time. 
The bold-faced figures represent the values obtained by measurement of the 


average galvanometer excursions. 


The drop time, ¢, was determined while a constant voltage of —08 
(versus saturated calomel electrode) was applied to the electrode. These 
measurements were made after the polarograms were recorded to prevent 
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delay and excess deterioration of the solutions during the recording. The 
values thus obtained were almost identical for different digests and filtrates, 
but were significantly smaller than in the pure cobalt buffers, thus illustrat- 
ing the presence of surface-active material (5-7). Hence, it is not strictly 
correct to use the cobalt wave height in the pure solution as a base-line 
for the double wave, as we have done; yet it is the best method available 
because the error produced thereby is constant and does not affect our 
results. 

In looking over the polarograms of Fig. 4 and the data of Table II, one 
can see clearly that lowering the pressure on a given electrode produces a 
definite decrease in the cobalt wave, while it has practically no effect on 
the height of the double wave. On the other hand, a change from the 
faster to the slower electrode may cause very little alteration of the cobalt 
wave height but may reduce the height of the catalytic wave by almost 
one-half. 

In spite of these marked differences in the catalytic currents observed 
with the two electrodes and in spite of the wide range of drop times em- 
ployed, we find that the protein index (obtained by multiplying the filtrate 
to digest ratio by 10) is altered very little. There seems to be no advantage 
in using average rather than maximum galvanometer deflections, and we 
recommend continuation of the latter, simpler method of measuring cata- 
lytic currents. 

The tendency towards larger index values with an increased drop time 
is real, since it becomes more pronounced if we correct for the deterioration 
of the solution. The preliminary analysis made with Capillary 2 at an 
apparent pressure of 74 cm. gave filtrate and digest waves 37.8 and 
33.9 mm., respectively, in height, yielding a value of 11.1 for the protein 
index. This agrees very well with that found in the first analysis made 
with Capillary 1 (Curve a), but it is 0.6 unit higher than the corresponding 
wave made about 20 minutes later with Capillary 2 (Curve f). Hence, 


_ it is probable that the protein index of Curve e would be about 12.5 if the 


solution had not deteriorated. This shows that we may expect errors in a 
protein index of this magnitude amounting to a whole unit when very slow 
capillaries are used. Similar experiments have proved that this error is 
smaller when the protein index has a lower value, and that it is negligible 
at drop times of 1.5 seconds. Thus we are led to conclude that the protein 
index is practically independent of the capillary characteristics as long as 
the drop time remains between 1.5 and 3.5 seconds. 

Table II further illustrates that the changes in the height of the cobalt 
wave are typical of a regular diffusion current; the ratio between the wave 
height and the quantity m?/*?"/* is fairly constant, as required by the Ilkovié 
equation (10). It may be further noted that this agreement with the 
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Ilkovié equation is better when the average galvanometer deflections are ) 
measured (12). / 
The fact that changes in drop time of a given electrode have such little | 
effect on the double wave suggested that the surface area of the mercury 
drop is the determining factor, since this remains practically uninfluenced 
by pressure changes on the capillary (5-7). This surface area, A, may 
be related to W, the weight of the drop, or to the product of m, the rate of 
flow of mercury, and ¢t, the drop time, or to p, the radius of the capillary 


orifice (13), by the following equations, 


9) 2/3 
A =k-W8 = k-m?/372/3 = k- (=) “pus | 
g 


where & is a proportionality constant, o is the surface tension of mercury 
in dynes per cm. and g is the acceleration of gravity. As may be seen from 
Table II, the double wave to m?/*{*/* ratio is approximately constant, thus | 
providing the means for a comparison of the catalytic protein waves when | 
obtained with different electrodes. 

If we neglect small changes in surface tension, we can also use the ratio 
of the double wave to p*’* for this purpose (see Table II). As has been 
pointed out earlier in this paper, the drop time varied but little in a number 
of different filtrates or digests; consequently, surface tension of the mercury, 
which is a factor determining this drop time (13), must also remain prac- 
tically constant. Thus a knowledge of p is sufficient to make possible a 
fair comparison of double waves obtained with electrodes of different 
characteristics. 


SUMMARY 


The protein index is proposed as a convenient method of characterizing 
and comparing polarographic results obtained with blood proteins and 
their degradation products during reduction in a buffered cobalt solution. 
It represents the ratio of the two wave heights obtained in the filtrate and 
the digest tests, multiplied by a suitable factor. The protein index is 
practically independent of small variations in room temperature and of | 
considerable changes in the drop time and drop size of the dropping mercury 
electrode, and thus is especially well suited for routine analysis of blood 


proteins. 

The height of the protein double wave is little influenced by alteration 
in the drop time of a given electrode, and it is approximately proportional | 
to the surface area of the mercury drops or to the two-thirds power of the 
radius of the capillary orifice. 
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SPECTROPHOTOMETRIC STUDY OF A NEW COLORIMETRIC 
REACTION OF VITAMIN A* 


By ALBERT E. SOBEL ann HAROLD WERBIN 
(From the Pediatric Research Laboratory, The Jewish Hospital of Brooklyn, New York) 
(Received for publication, February 2, 1945) 


This paper deals with a new colorimetric reaction of vitamin A with 
glycerol 1 ,3-dichlorohydrin (which we henceforth will refer to as GDH) 
that appears to be suitable for the quantitative estimation of this vitamin. 

The estimation of vitamin A in vitro has been the subject of many re- 
views in recent years (1-6). The two widely used methods at present 
are the ultraviolet absorption at 325 to 328 muy, and the determination of 
the maximum absorption at 615 to 620 mu of the blue color formed on the 
addition of a solution of antimony trichloride in chloroform to the vitamin 
in the same solvent (Carr-Price reaction). 

One disadvantage of the ultraviolet method is that there are substances 
in natural products other than vitamin A which absorb at around 328 my 
(7). Another drawback of the method is the need for expensive equip- 
ment. 

The Carr-Price reaction does not require expensive equipment and is 
more specific for vitamin A (8). Its disadvantages are the rapidity with 
which the maximum absorption must be read, owing to the fading of the 
color, and the instability of the reagent. 

The new colorimetric reaction reported herein possesses the same ad- 
vantages that the Carr-Price reaction has over the ultraviolet absorption 
method, and in addition possesses the foilowing advantages over the Carr- 
Price reaction. (1) The stability of the color produced permits its meas- 
urement with ease any time from 2 to 10 minutes after the reagents are 
mixed. (We have even been able to measure the color in a visual colorim- 
eter.) (2) The reagent employed is stable. It is not affected by traces 
of moisture and leaves no film which might interfere in the absorption of the 
colored solution. The disadvantage of the new reaction is that the ex- 
tinction coefficient! (L}%, , \ 550 my) of the color produced is about one- 


lcm.» 
fourth that of the antimony trichloride blue color (L}%,, \ 615 my). 


* This study was aided by a grant from the United Hospital Fund of the city of 
Greater New York. Presented before the American Society of Biological Chemists 
(Federation Proc., 4, 104 (1945)). 

'The term Er. introduced by Dann and Evelyn (9) for use in photoelectric 
colorimeters which employ a band of light of about 30 to 40 my wide, has been used 
by many authors (10-12). The term is analogous to EY* the latter being used 
with those instruments which employ monochromatic light. In this paper, to the 
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The reagent used in the authors’ reaction is the practical grade of GDR 
obtained from the Eastman Kodak Company. The keeping of this reagep} 
requires no special precautions. One simply uses it as it comes from thy! 
bottle. 
Upon the addition of this reagent to a solution of vitamin A in chlom| 
form, an immediate blue color appears which rapidly changes into a mop! 
stable color resembling a dilute solution of potassium permanganate. | 

Fig. 1 shows the absorption curve of the immediate blue color. Ty! 
absorption maximum is at 625 my. The shape of the curve is similar to ty 
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Fic. 1. Absorption curve of the immediate blue color produced by vitamin A and 
glycerol 1,3-dichlorohydrin. The solution contained 33.84 1.v. of vitamin in 5.0 ml 
of solution. 


one obtained with antimony trichloride and vitamin A, but is not identical 
to it. The blue color formed with GDH appears to obey Beer’s law up t# 
33 1.U. of vitamin A in 5.0 ml. of solution, but a complete study was not 
made of this point in view of the stability of the second color formed. 
Fig. 2 shows the absorption spectrum of the violet color developed 2 
minutes after the reagents were mixed. The maximum absorption occurs 


authors’ knowledge, Lj’, , has been used for the first time with data obtained ons 


Coleman model 11 spectrophotometer because, although it is constructed withs 
diffraction grating rather than a light filter, it has a wave band of light 35 mp wide. 
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Fic. 2. Absorption curve of the violet color produced by vitamin A and glycerol 
1,3-dichlorohydrin at the end of 2 minutes. The solution contained 16.92 1.v. of 
vitamin in 5.0 ml. of solution. 
| 
1200 
1000 200 
< F 
i 800 60 
= 
and ~ - 
a 
) ml 3 600 20 3 
3 2 
el A 
, #8 400 80 yk 
ical 7 eS 
) 
not 200 40 
12 - 2 
rs © 2 4 6 8 10 2 14 6 
u TIME IN MINUTES 
— iat : G 4 . = tate 
Fic. 3. Time curve of the changes in Lik, at 550 my of the colors produced by 6.76 
ry . : : , : 
‘ 7 of vitamin A and 60.08 y of carotene (90 per cent of 8- and 10 per cent of a-) with 
be glycerol 1,3-dichlorohydrin at 25°. The total volume of reaction mixture in each 
ease was 5.0 ml. 
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at 550 my, and remains constant at 25° for from 2 to 10 minutes. After 
that time a slow deterioration of the color takes place, as can be seen in 
Fig. 3. 

In Fig. 4 is presented the relationship between light absorption and cop- 
centration at 550 my. Beer’s law is obeyed up to a concentration of 25 
1.U. of vitamin A in 5.0 ml. of solution. Above this value the absorption 
is slightly less than that to be expected from Beer’s law. Under the ex. 
perimental conditions we employed, the blue color of antimony trichloride 
obeyed Beer’s law up to a concentration of 23 1.u. in 4.0 ml. of solution. 

The L{%,. at 550 my for vitamin A in the concentrate employed was 
1010. (In this calculation 1.00 1.v. equals 0.292 y of vitamin A. The 
derivation of this factor is explained in the experimental portion of this 
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Fic. 4. Relationship between absorption at 550 my and the vitamin concentra- 
tion. 


paper.) The L}%, of the immediate blue color at 625 my with GDH was 
1385. The Li%, obtained at 615 my with antimony trichloride was 
3900. This compares with the L{%, at 622 mu of 3880 for crystalline 
vitamin A (12). 

To test the interference of substances found in fish liver oils upon the new 
colorimetric reaction, the vitamin A content of several fish liver oils was 
determined with GDH and antimony trichloride. The results are pre- 
sented in Table I. The antimony trichloride method is one of the accepted 
procedures for the estimation of vitamin A in fish liver oils, and according to 
Oser et al. (8) the results are in closer agreement with those by the multiple 
level bioassay than with those obtained by the direct spectrophotometric 
method in the ultraviolet. 
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The agreement between the GDH and antimony trichloride methods is 
close. That the values obtained do not coincide may be ascribed to the 
differences in the interference upon the colors produced by the two reagents 
with vitamin A caused by the other components of the oil. A more ex- 
haustive study will be undertaken in order to determine which method is 
more specific for vitamin A. 

The LY values, \ 550 muy, for vitamins D, and Ds, ergosterol, 7-de- 
hydrocholesterol, and cholesterol, after 15 minutes, otherwise the conditions 
being the same as in the estimation of vitamin A, were 11.28, 5.96, 1.13, 
0.08, and 0.00 respectively. These values (obtained from Sobel, Mayer, 
and Kramer (15)) at 2 minutes (the time recommended for the development 


TABLE [ 
Comparison of Vitamin A Values Obtained on Fish Liver Oils by Glycerol 
1,8-Dichlorohydrin and SbCl; Methods 
The values are expressed as international units of vitamin A per gm. of oil. 








Type of oil Skeets, | sce | [By] Boom 
at 328 my* 
Oil 1, whole. . 24, 200 27 ,000 28 , 200 
“ 1, unsaponifiable fractionf. . 24,000 25,000 
“ 2, whole.. Te sated oh 8,070 8,240 10,200 
“ 2, unsaponifiable fractionf. .. 8,040 7,370 
a i ee sein 36 ,500 37,100 44,000 
> Seer , a daes 73 ,300 74,900 85,000 
Concentrated Oil Gt oes 1, 285 ,000 1 , 204 ,000 1,240,000 
" - Cerys ie: 1,013 ,000 973 ,000 1,035 ,000 
" oe 1,802,000 1,659 ,000 1,705,000 
“ A 1,841,000 1,616,000 1,710,000 











* Determined by Dr. Oscar Gawron at the International Vitamin Corporation. 

t Saponified according to the procedure of Oser, Melnick, and Pader (13). 

¢ Unsaponifiable fraction cbtained by the commercial saponification process of 
the International Vitamin Corporation (14). 


of the color with vitamin A) are less than one-third of those at 15 minutes. 
Thus the interference of vitamin D and related sterols upon the GDH reac- 
tion is negligible. 

The stability of the violet color produced by vitamin A and GDH sug- 
gested the possibility of employing the visual method in the estimation of 
the vitamin. Such a method would be useful in the field or in those labora- 
tories where a spectrophotometer is not available. Solutions containing 
1.26, 2.14, 3.54, and 4.04 1.v. of vitamin A in 1 ml. of reaction mixture were 
compared against a standard of 2.64 1.v. of vitamin A with the micro cups 
of the Bausch and Lomb visual colorimeter. The values calculated from 
the readings were 1.06, 2.12, 3.18, and 4.44 1.v. of vitamin A, respectively. 
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In many natural products such as food and blood, carotene is often foung | 
with vitamin A and interferes in its colorimetric estimation. At present} 
the most widely used method of evaluating this interference is that of Dan | 


and Evelyn (9) which consists in reading the absorption of the yellow soly. 
tion of carotene and vitamin A at 440 mu before the addition of antimony 





trichloride, thereby determining the amount of carotene present from 4 | 
calibration curve, and subtracting from the maximum absorption obtained | 
with antimony trichloride the absorption that the amount of carotene 


found would give with the reagent. 
Another method has recently been proposed by Urban, Milder, and 


Carruthers (16) by which vitamin A and carotene are determined mutually | 


and independently by means of a special photoelectric colorimeter that 
splits the beam of light emerging from a solution of vitamin A and antimony 
trichloride into two, one passing through a 589 muy filter measuring 8-cap- 
tene at 0°, and the other passing through a 620 mu filter measuring vitamin 
A. No data are given to substantiate the claim. 

The reaction of carotene with GDH was investigated under the same 
conditions by which the violet color with vitamin A was obtained. Upon 
the addition of the reagent to a mixture of a- and §-carotene (1:9) in 
chloroform, a green color appears within 2 minutes. Fig. 5 shows the ab- 
sorption of the color at the end of 6 minutes. Two maxima were ob- 
served, one at 475 my and a second at 625 mu, as well as one minimum at 
550 my. This minimum coincides with the maximum for vitamin A, while 
the other maxima are almost at the minima for the vitamin. 

Fig. 3 shows the relationship between the absorption of the green color 
at 550 mu and time. It is constant at from 6 to 15 minutes. 

The relationship between the concentration of carotene and Ight ab- 
sorption at 550 mu obeys Beer’slaw. This is shown in Fig.6. This wave- 
length was chosen in order that we might be able to correct for the presence 
of carotene in the determination of vitamin A. 

The next study made was a comparison of the interference of carotene 
upon the reaction of vitamin A with GDH and with antimony trichloride. 
| ml. of chloroform containing 18.53 1.v. of vitamin A and known incre- 
ments of carotene was used in this study. The results are presented in 
Table II. 6 minutes were chosen in the GDH reaction because at that 
time both the vitamin A and carotene colors are stable (see Fig. 3). From 
the last column of Table II, it can be seen that in the antimony trichloride 
reaction the color due to 1 y of carotene is equivalent to about 0.24 Lv. 
of vitamin A, whereas in the GDH reaction the color due to the same 
amount of carotene is equivalent to about 0.49 1.v. of vitamin A. 

It seemed likely (see Fig. 3) that the interference of carotene in the GDH 
reaction would have been much less had a shorter period of time been 
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i Fie. 5. Absorption curve of the green color produced by carotene (90 per cent of 
§- and 10 per cent of a-) and glycerol 1,3-dichlorohydrin. The solution contained 
122.6 y in 5.0 ml. of solution. 
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Fic. 6. Relationship between absorption at 550 mz and the carotene (90 per cent 
8- and 10 per cent of a-) concentration. 
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taken before the maximum absorption of the solution was read. Ther. 
fore, the interference of carotene upon the immediate blue color produced 
by the action of GDH on vitamin A was studied. Examination of Table 
II shows that in this reaction the color due to 1 y of carotene is equal to 
about 0.17 1.v. of vitamin A. 

The above studies suggest two methods of determining vitamin A (ip 
solutions containing carotene) after the amount of carotene present js 
evaluated by the method of Dann and Evelyn (9) as described above, 
One method is to measure the absorption of the solution with GDH at 
550 muy at the end of 6 minutes. Subtract from the absorption obtained 


Taste II 
Interference of Carotene in Colorimetric Determination of Vitamin A (18.5 I.U.) 

















Increment in Increment as 


aan . F I : . 
Reagents and conditions Carotene Density, log T density due | vitaminA i 
tocarotene | perl + carotene 





4 LU. 

Glycerol 1,3-dichlorohydrin 0.146 
550 my 13.4 0.204 0.058 0.547 
Absorption, 6 min. 20.0 0.222 0.076 0.481 
After mixing 26.7 0.244 0.098 0.465 
33.4 0.264 0.118 0.448 

SbCl, 0.678 | 
615 my 13.4 0.796 0.118 | 0.238 
Maximum absorption of immedi- 20.0 0.854 0.176 0.238 
ate color 26.7 0.914 0.236 0.239 
33.4 0.963 0.285 0.231 

Glycerol 1,3-dichlorohydrin 0.195 
625 mu 13.4 0.216 0.021 | 0.149 
Maximum absorption of immedi- 20.0 0.231 0.0386 | 0.170 
ate color 26.7 0.243 0.048 0.170 


33.4 0.254 0.059 0.168 


the increment due to carotene. This is read from a calibration chart pre- 
viously prepared for various amounts of vitamin A and carotene by the 
method shown in Table II. This procedure possesses the advantages 
pointed out in this paper for the GDH reaction. Its disadvantage com- 
pared with the antimony trichloride method lies in the greater interference 
of carotene and in the need of an empirical correction chart. 

A second method of evaluating carotene interference is to measure the 
absorption of the solution with GDH at the end of 5 seconds at 625 mu. 
Subtract the increment due to carotene as described above. This proce- 
dure also possesses the advantages of the GDH reaction, except that the 
color must be read immediately owing to its rapid change to the violet 
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color. The carotene interference is about 30 per cent less than it is in the 
antimony trichloride reaction. 

A more detailed study of the interference of carotene is now being under- 
taken and will be presented in a paper dealing with the application of the 
GDH reaction in the estimation of vitamin A in blood. 


EXPERIMENTAL 


Apparatus—All determinations were made in a Coleman universal spec- 
trophotometer, model 11, with Filter PC-4 for the region of 400 to 700 mu. 
This instrument employs a monochromatic band of light 35 my wide (which 
can be located with a precision of less than 2.0 my). For this reason, 
Li, values are reported instead of E\%,, values, which are used for pure 
monochromatic light. Direct readings of per cent transmission were made 
on the galvanometer scale by setting the blank at 100. The absorption 
path was 1.3 cm. 

Reagents 

Practical glycerol 1 ,3-dichlorohydrin from the Eastman Kodak Company 
was stored in the ice box and brought to 25° before use. Each new batch 
should be standardized with known solutions of vitamin A. 

GDH obtained from other firms possessed little or no chromogenic prop- 
erty with vitamin A. However, it was found that by distilling the inac- 
tive reagent, at 30 to 40 mm. pressure, in the presence of 1 to 2 per cent 
antimony trichloride a product was obtained possessing properties similar 
to the practical GDH from the Eastman Kodak Company. 

Chloroform, analytical reagent grade, dried over anhydrous sodium sul- 
fate, distilled, and kept over the same drying agent. 

Antimony trichloride (reagent grade). A saturated solution in chloro- 
form was prepared by shaking 90 gm. of the trichloride (from an unopened 
bottle) with 300 ml. of chloroform at room temperature. The saturated 
solution was filtered before using. 

The standard vitamin A solution was prepared by dissolving a weighed 
amount of a distilled vitamin A concentrate from Distillation Products, 
Inc., Rochester, New York, (potency 500,000 1.u. per gm.) in a known 
volume of chloroform. This standard remained stable for considerable 
periods of time as shown by the constant L}%, values it gave with the 
GDH and antimony trichloride reagents with which it was frequently 
checked. 

The conversion factor for converting international units of the concen- 
trate into micrograms of vitamin A was 0.292. This was obtained by 
measuring the extinction coefficient of the concentrate in isopropanol at 

328 my with a Beckman spectrophotometer. From this value, and by 
taking the E}%,, equal to 1800 (calculated from the data presented in a 
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paper by Oser et al. (13) who have also shown that the E{%, of distilled 
vitamin A esters is the same at 328 my as the Ej2,, of the saponified ester 
at 325 my), the weight of vitamin A per gm. of concentrate was calculated, 
It is noteworthy that using this conversion factor we obtained almost the 
same Lj%, that Baxter and Robeson (12) did for crystalline vitamin 4 
alcohol. All such conversion factors are in doubt at present until proved 
by exact multiple level bioassays from different laboratories. 

The standard carotene solution was prepared by dissolving a weighed 
amount of carotene (90 per cent of B- and 10 per cent of a-) from the §, 
M. A. Corporation in a known volume of chloroform. 


Color Development 
Temperature—All colors were developed in a constant temperature bath 
at 25°, and all reagents were preheated to this temperature. 
Use of Practical Glycerol 1 ,3-Dichlorohydrin—1.0 ml. of chloroform 
containing vitamin A, carotene, or a mixture of both was pipetted into a 10 


mil. glass-stoppered graduate. 4 ml. of reagent were added with a bulb | 
pipette, and the graduate stoppered and inverted several times to insure | 
homogeneous mixing. It was then placed in a 25° water bath, and at the | 


end of the desired incubation period (we recommend 2 minutes for the de- 
termination of vitamin A), the solution was poured into a cuvette and its 
maximum absorption read. 

To read the maximum absorption of the immediate blue color, the above 
procedure was revised as follows: The chloroformic solution containing 
vitamin A was measured with a pipette directly into the cuvette. Then, 
with the cuvette held in one hand, 4.0 ml. of the reagent were added ina 
rapid stream from a fast delivery pipette. The cuvette was vigorously 
tapped with the forefinger of the other hand several times, placed in the 
cuvette carrier, and the maximum absorption of the blue color was read. 
The time elapsed from the addition of the reagent to the reading of the 
maximum absorption should not exceed 5 seconds. 

Use of Antimony Trichloride Reagent—To 1.0 ml. of chloroform contain- 
ing the vitamin A, which was measured with a pipette into a cuvette, were 
added 3.0 ml. of antimony trichloride reagent with a fast delivery pipette. 
The maximum absorption was immediately read. 

Visual Colorimetric Technique—The determination was carried out at 
room temperature with the violet color produced by the reaetion of GDH 
with vitamin A. With each unknown a standard solution of vitamin A 
was run, the violet color in both being simultaneously developed. The 
unknowns (prepared from a known standard) were read against the stand- 
ard at any time from 2 to 10 minutes after the reagents were mixed. 

All the densities reported in this paper are the averages of duplicate 
determinations. 
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SUMMARY 


A new colorimetric reagent, glycerol 1 ,3-dichlorohydrin, is proposed for 
estimating vitamin A. It possesses the advantage over the antimony 
trichloride reagent that the color developed with vitamin A is stable for 
from 2 to 10 minutes, which permits its absorption to be determined with 
ease. Other advantages are that the use of the reagent requires no special 
precautions and possesses good stability. 

Spectrophotometric data are presented of the immediate transient blue 
color and the stable secondary violet color produced by reaction of the 
reagent with vitamin A, as well as the color formed by its reaction with 
carotene. 

The interference of carotene upon the determination of vitamin A with 


the reagent has been studied. 


The authors are indebted to Dr. Oscar Gawron, Research Laboratory, 
International Vitamin Division, American Home Products Corporation, 
New York, for the samples of fish liver oils which were used in this investiga- 
tion. 
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NOTE ON THE REPORTED FORMATION OF UREA FROM GLU- 
TAMINE BY LIVER EXTRACTS, AND ON THE PREPARATION 
OF GLUTAMINE FREE FROM ARGININE 


By REGINALD M. ARCHIBALD 
(From the Hospital of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, April 9, 1945) 


The writer recently reported (1) that, when cell-free liver extract acts on 
glutamine, urea, equivalent to about 3 per cent of the glutamine amide N, 
isformed. Since that time it has been found that the preparation of beet 
glutamine used was contaminated with exactly the amount of arginine 
required to yield the small amount of urea formed. The arginine present 
would be converted into urea by the arginase that is always present in 
mammalian liver. With glutamine solutions freed from arginine the for- 
mation of urea reported in the previous paper (1) does not occur. The 
author therefore wishes to withdraw the statement that he has observed 
formation of small amounts of urea on incubation of glutamine with liver 
extract. 

The glutamine preparation previously employed proved to be 94 per cent 
pure when analyzed by the glutaminase method (2). The preparation 
had been tested for arginine by Dubnoff’s modification (3) of the color- 
imetric Sakaguchi reaction and gave negative results, but we have since 
found that glutamine interferes with the Sakaguchi method for arginine. 
If the Sakaguchi reagent is added to a solution containing both arginine 
and glutamine, the increase in optical density (525 my wave-length) is less 
than if only the arginine were present. The interference is due to the sum 
of two effects of the glutamine; it diminishes the optical density of the 
Sakaguchi reagent solution itself and decreases the color formed by the 
reaction with arginine. 

Recrystallization from water failed to free the glutamine from contam- 
inating arginine. However, we have been able to prepare glutamine solu- 
tions free of arginine by the following adsorption procedure, and to measure 
the arginine in the eluate of the adsorbed material. 

The lower 10 cm. of a 30 em. length of glass tubing (6 mm. internal diam- 
eter) were filléd with a column of Decalso. The Decalso was washed with 
20 cc. of a 10 per cent solution of NaCl, then with water (about 50 cc.) until 
the filtrate was chloride-free, and was dried by drawing air through the 
column; 25 cc. of a 1 per cent solution of the arginine-containing glutamine 
were then passed through the cylinder. The filtrate contained no arginine, 
but contained over 90 per cent of the glutamine. 

To regain the adsorbed arginine for determination, the Decalso column 
was freed as completely as possible of adherent glutamine solution by 
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suction, and was then washed by passing 20 cc. of water (Eluate I) throug! 
it, followed by 25 cc. of a 3.0 per cent solution of NaCl (Eluate II). | 

The arginine in the two eluates was measured by hydrolyzing with » 
ginase (liver extract), and determining the resulting urea colorimetricah 

(4). Eluate I contained 25 per cent of the adsorbed arginine and all of th 
glutamine previously left in the column.' Eluate II contained the » 
maining 75 per cent of the arginine, and no glutamine. 

The nitrogen of the total urea formed by the action of arginase on the tm 
eluates was equivalent to 2.1 per cent of the theoretical amide nitrogeng 
one glutamine preparation, and indicated 1.3 per cent of arginine presey 
in the preparation. With another glutamine preparation the figures wer! 
3.2 and 2.0 respectively. When arginine in these two preparations wa) 
determined directly with arginase, the amounts found were identical wit! 
the sum found in the eluates. | 

The Sakaguchi reaction failed to detect the arginine present in Eluat 
I, because enough glutamine was present to inhibit the development @ 
color by the arginine. In Eluate II, however, the Sakaguchi reaction 
indicated the same amount of arginine revealed by analysis with arginase. 

Glutamine in the two eluates was determined by heating 1 cc. portion 
of each eluate to 100° for 4 hours with 0.5 cc. portions of 0.5 m potassium 
phosphate buffer of pH 6.0. Each solution was made up to 20 ec. with) 
water, and 1 cc. of Nessler’s reagent was added. The ammonia formed }y 
hydrolysis of the amide group of the glutamine was then measured color 
imetrically. Eluate I contained 6 per cent of the original glutamine; 
Eluate II contained none. 

Canavanine forms urea when treated with liver arginase, and hence the| 
possibility was considered that canavanine rather than arginine was the 
contaminant of the glutamine previously used. However, both Eluate!) 
and Eluate II gave negative tests for canavanine by a colorimetric method | 
mentioned in a previous report (5), and the liberation of urea from the} 
eluate by the action of arginase was completed much more rapidly tha 
if canavanine were the substrate. Hence it appears that the contaminant 
was arginine rather than canavanine. 
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ASTUDY OF THE INTERMEDIATES OF ACETATE AND ACETO- 
ACETATE OXIDATION WITH ISOTOPIC CARBON 


By JOHN M. BUCHANAN, WARWICK SAKAMI, SAMUEL GURIN, anp 
D. WRIGHT WILSON 


(From the Department of Physiological Chemistry, School of Medicine, University of 
Pennsylvania, Philadelphia) 


Received for publication, May 17, 1945) 


The identity of the intermediates of acetate and acetoacetate oxidation 
in vivo has until recently remained relatively obscure. The first suggestion 
concerning the mode of metabolism of these compounds came from the 
experiments of Quastel and Wheatley (1). By virtue of their finding that 
malonate, a poison of the succinoxidase system, inhibits fatty acid and 
ketone body oxidation in tissue slices, Quastel and Wheatley suggested 
that the oxidation of these substances was related to reactions of the tri- 
carboxylic acid cycle. In confirming this observation, Edson and Leloir 
(2) extended this- hypothesis with the further postulation that pyruvate and 
acetate condense, forming a-ketoglutarate. More direct evidence for the 
conversion of acetoacetate into members of the tricarboxylic acid cycle 
has been provided by Breusch (3) and by Wieland and Rosenthal (4), who 
have independently reported that extracts or breis of kidney or muscle 
tissue are capable of forming more citrate from oxalacetate plus aceto- 
acetate (or acetate) than from oxalacetate alone. Breusch has claimed 
that extracts of muscle convert not only acetoacetate but also other homol- 
ogous 8-keto acids to citric acid. Wieland and Rosenthal have isolated 
and characterized the citric acid formed by the reaction of oxalacetate 
with acetoacetate in kidney breis and have postulated a direct condensation 
of the two substances. 

The interpretations which these investigators have placed upon their 
experiments have been criticized by Weil-Malherbe and by Krebs and 
Eggleston. Weil-Malherbe (5) was unable to observe significant effects 
of members of the tricarboxylic acid cycle on the oxygen uptake, formation 
of citric acid, and disappearance of ketone bodies in slices of rat brain and 
‘idney, either aerobically or anaerobically. Krebs and Eggleston (6), 
however, using sheep heart and sheep kidney, confirmed the observation 
that acetoacetic acid can increase the yields of citric acid (and its break- 
down products) in the presence of oxalacetic acid. In both tissues, the 
removal of acetoacetic acid was stimulated by members of the tricarboxylic 
acid cycle. The effect was greater under anaerobic than under aerobic 
conditions. There was one exception, however. Oxalacetate did not 
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stimulate acetoacetate disappearance aerobically. From a complete 
analysis of the products of the anaerobic interaction between acetoacetate 
and oxalacetate, these investigators came to the conclusion that the extra 
acetoacetic acid disappearing by interaction with oxalacetic acid could be 
quantitatively recovered as 8-hydroxybutyric acid, and that the reciprocal 





effect of acetoacetate and oxalacetate on the metabolism of the other was | 


indirect rather than direct. They believe that, by acting as a hydrogen 
acceptor, acetoacetate stimulates the oxidative conversion of oxalacetate 
to citric acid. 

In the experiments reported herein, acetate and acetoacetate tagged 
with C® (i.e., CH;-C"OOH and CH;-C"O-CH;-C“OOH), were used to 
study the intermediates of the oxidation of these substances in homogenates 
of guinea pig kidney. It was found that under the conditions of our experi- 
ments the organic acids of the tricarboxylic acid cycle are a major pathway 
in these oxidations.’ 


EXPERIMENTAL 


Organic Synthesis*—Carboxyl-tagged acetate was synthesized from 
CO, by the Grignard reaction. Ethyl acetate, prepared by heating 
anhydrous sodium acetate with diethy] sulfate, was converted into aceto- 
acetate by the method of Hudson, Dick, and Hauser (8). 

Tissue Reactions—The aerobic disappearance of acetoacetate in homog- 
enates of guinea pig kidney is stimulated approximately 3-fold by the 
addition of any one of the organic acids of the tricarboxylic acid cyele. 
Homogenates of guinea pig kidney metabolize acetoacetate at a rate 
(Qacetoncetate= — 1.5) lower than that previously reported for slices of guinea 
pig kidney (Q = —4.0) (1). The addition of any of the organic acids of the 
tricarboxylic acid cycle to make concentrations of 0.003 m in homogenates 
raises the rate of disappearance of acetoacetate to that in slices. 

Since, in the present experiments involving the use of C™ it was neces- 
sary to add a sufficient amount of dicarboxylic acid so that either it or an 
immediate product of its metabolism could be conveniently isolated, the 
effect of these organic acids in higher concentrations was studied. In- 
creasing the concentration of a-ketoglutarate, succinate, fumarate, and 
malate from 0.003 to 0.03 m did not materially affect the rate of aceto- 
acetate disappearance. Oxalacetate at this latter concentration, however, 
depressed acetoacetate disappearance considerably. 

In the following series of experiments sodium a-ketoglutarate or sodium 
succinate was added in concentrations of 0.015 m. In a typical experi- 


! A preliminary note has been published in this Journal (7). 
? A detailed description of the methods for the synthesis of acetoacetate and ace- 
tate in smal] quantities will be presented in a separate communication. 
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ment 10 gm. of guinea pig kidney were homogenized in a Potter-Elvehjem 
homogenizer in approximately 65 ml. of Krebs’ phosphate-saline solution. 
This homogenate was added to 25 ml. of a solution containing sodium 
bicarbonate, the sodium salt of a dicarboxylic acid, and isotopic sodium 
acetoacetate. The final concentrations of these substances were 40, 15, 
and 4 mm per liter respectively. The solution was shaken vigorously at 
37° for 40 to 60 minutes, during which time a gaseous mixture of 95 per 
cent O2-5 per cent CO: was bubbled through to insure the adequate re- 
moval of isotopic CO, produced by the metabolism of the tissue. By this 
means the isotopic content of the bicarbonate of the solution was kept at a 
very low level. At intervals during the incubation, aliquots were removed 
and acidified with a buffer solution (pH 4), the CO, evolved being trapped 
in barium hydroxide for isotopic analysis. In all, four different types of 
experiments have been carried out. ‘These are summarized in Table I. 

Isolation of Compounds—Certain acids of the tricarboxylic acid cycle 
thought to be formed by the metabolism of either isotopic acetate or aceto- 
acetate were isolated and carefully purified. The p-nitrobenzylthiuronium 
salts were prepared (9) whenever possible because of the ease with which 
they can be split by dilute H,SO, into p-nitrobenzylthiuronium sulfate and 
the free organic acid. The latter was extracted with ether and precipitated 
from aqueous solution as a heavy metal salt. Isotopic analyses were 
usually made on these inorganic salts, thus avoiding the dilution of the 
isotope by non-isotopic carbon which would occur if isotopic analyses 
were made on organic derivatives. The isolation and purification of each 
of the organic acids studied are described below. 

Acetoacetic Acid—The isotopic content of the acetoacetic acid used was 
determined by conversion into CO, and acetone. The former substance 
was trapped in Ba(OH), and acetone was precipitated by the Denigés 
reagent. From the isotopic analysis of either of these separate fractions, 
the isotopic content of the entire acetoacetate molecule was calculated. 

Fumaric Acid—At the conclusion of the incubation period in Experi- 
ments 1A and B, Table I, about 10 ml. of 15 per cent metaphosphoric 
acid were added to the 100 ml. of solution and the protein precipitate 
centrifuged off. The supernatant was concentrated in vacuo to about 10 
ml. and was then extracted with three 25 ml. portions of ether. The ether 
was evaporated and the residue taken up in water. Fumaric acid was 
precipitated as the mercurous salt, which was recrystallized from 5 per cent 
HNO; as described by Stotz (10), and then decomposed by H.S. The 
solution of the free acid was neutralized, evaporated to a small volume, and 
treated with p-nitrobenzylthiuronium chloride. The product, after 
several recrystallizations from hot 70 per cent ethanol, melted at 157° and 
gave no depression upon mixing with an authentic sample. The pure 
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di-p-nitrobenzylthiuronium salt was dissolved in dilute sulfuric acid and 


the solution extracted with ether. After removal of the ether, the fumarie 


acid was again precipitated with mercurous nitrate in 5 per cent HNO, 
This mercurous fumarate was oxidized with the Van Slyke mixture (1}). 
the evolved CO, trapped in liquid air, and a sample of the CO, taken for 
determination of its C“ concentration in the mass spectrometer. 

Succinic Acid—At the conclusion of incubation in Experiment 4, protein 
was precipitated and the succinic acid, which had resulted from the oxida. 
tion of a-ketoglutaric acid, was extracted from the concentrated super. 
natant with ether. An attempt was made to isolate a-ketoglutarie acid 
from an alkaline aqueous extract of the ether solution, but no precipitate 
resulted after the addition of semicarbazide hydrochloride. Subsequent 
analysis demonstrated that most of the a-ketoglutarate had disappeared 
during the experimental period. This solution, containing organic acids 
together with semicarbazide, was acidified with HeSO, and extracted 
with ether in the Kutscher-Steudel apparatus. The ethereal extract was 
taken up in 5 per cent HNO;, and HgNO; added. A small precipitate 
was obtained, but most of the material was not precipitated by this reagent. 
The mercurous compound (probably impure mercurous fumarate) was 
centrifuged off and the filtrate was neutralized with NaOH. Addition of 
excess alkali precipitated the mercurous ion as Hg.O, which was centrifuged 
off. The supernatant was acidified to pH 2 with HNOs, 2 ml. of 20 per 
cent AgNO ; were added, and the solution was brought to pH 5 with 0.5n 
NH,OH. A copious precipitate of silver succinate was obtained. Succinie 
acid was purified by acidification and reprecipitation of the silver salt at 
pH 5. A solution of the salt was acidified with H.SO, and continuously 
extracted with ether. The succinic acid thus extracted was dissolved in a 
very small volume of water, neutralized with NaOH, and precipitated as 
the di-p-nitrobenzylthiuronium salt. After several recrystallizations 
from hot absolute ethanol, the thiuronium salt melted at 150° and gave no 
depression upon admixture with an authentic preparation. It was dis- 
solved in excess H:SO, and the succinic acid extracted with ether. The 
recovered succinic acid was then converted into the silver salt, oxidized 
as such, and analyzed for C®. 

a-Ketoglutaric Acid—In Experiment 2, a-ketoglutaric acid was added to 
stimulate acetoacetate oxidation. Protein was precipitated with sodium 
tungstate and an excess of H,SO,. The supernatant, concentrated under 
reduced pressure, was extracted for 5 hours in the Kutscher-Steudel ap- 
paratus. Under our conditions, complete extraction of a-ketoglutaric 
acid along with the other dicarboxylic acids (except malate) was effected 
in this time. The ether was evaporated and the residue taken up in 1 ml. 
of water. The a-ketoglutaric acid was precipitated as the semicarbazone 
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and recrystallized from water three times. It decomposed at 199.0° 
(uncorrected), as did an authentic sample of a-ketoglutaric acid semicar- 
bazone and a mixture of the two specimens.* 

Degradation of Organic Acids—Since the position of the isotope present 
in the organic acids isolated was of theoretical interest, fumaric acid and 
a-ketoglutaric acid semicarbazone were degraded by controlled oxidation. 

Fumaric Acid—Fumaric acid was oxidized with acid permanganate, 
each mole yielding 1 mole of formic acid and 3 moles of CO, (14). The 
formic acid originates from a methine carbon of fumaric acid and the 
earbon dioxide from the carboxyl carbons and one of the methine car- 
bons‘ (15). 

a-Ketoglutaric Acid Semicarbazone—a-Ketoglutaric acid semicarbazone 
was oxidized quantitatively’ by acid permanganate, according to the 
following equation: 


NH.-CO-NH-N 
HOOU-CH,-CH.-C-COOH + 30—— (1) 


HOOC-CH.-CH.-COOH + 2CO. + Nz + NHs 


In this reaction one of the molecules of carbon dioxide is derived from the 
carbon of the semicarbazide group and the other from the carboxyl carbon 
atothis group. The resulting succinic acid was extracted from the oxida- 
tion mixture and precipitated as the silver salt at pH 5. In the following 
discussion, these two oxidation products of a-ketoglutaric acid semicar- 
bazone are referred to as the “CQ, fraction” and the “succinie acid frac- 
tion.”’ 

* The decomposition point, 199°, is considerably lower than the melting point, 220°, 
of the semicarbazone of a-ketoglutaric acid reported by Blaise and Gault (12) and is 
probably a stereoisomeric modification. The identity of the semicarbazone prepared 
from an authentic sample of a-ketoglutaric acid was established by an acidimetric 
determination of molecular weight (found 204, theory 203), and by a determination 
of the semicarbazone by the method of Veibel (13) (moles of ammonia per mole 
of semicarbazone, found 1.01, theory 1.00). 

*10.5 ml. of 0.1 nN H.SO,, 1.75 ml. of 1 n KMnQ,, and 1.75 ml. of water were mixed 
and aerated rapidly for 10 minutes to remove CO, formed from impurities. 21 mg. 
of fumarie acid in 7 ml. of water were added, and the portions of CO, liberated during 
the first 20 minutes and during the next 2 hours were collected separately in barium 
hydroxide. With the strength of acid used, the initial oxidation is very rapid but is 
followed by a gradual oxidation of the formic acid produced. 

*0.3 ml. of 1.5 N KMnO, was added to 1 ml. of 4 n H.SO, and the solution aerated 
to remove any CO, produced by the oxidation of impurities. 7 mg. of a-ketoglutaric 
acid semicarbazone were introduced in 4 ml. of water, followed by 0.5 ml. of water. 
The resulting CO, was collected in vacuo in a liquid air trap. 
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Results 


The results of five experiments are presented in Table I. All of the in. 
termediates of the tricarboxylic acid cycle isolated after incubating homog. 
enates of guinea pig kidney with isotopic acetate or acetoacetate were 
found to contain a significant excess of C*. This proves conclusively that 
some of the acetate and acetoacetate is metabolized by a pathway which, 
in part, is identical with the aerobic metabolism of carbohydrate. In 
Column 3, Table I, are reported the amounts of acetic acid or acetoacetie 
acid metabolized by 10 gm. (wet weight) of homogenized kidney in 100 ml, 


TaBLe I 
Metabolism of Acetate and Acetoacetate 





a 


C® concentration, 








l 
Aen | atoms per cent excess 
Experi- Vaan o | on Baletal) ls 
ment | leotopic material a Nen-lsstepic ceganic | Dicarbonylic acid aceto- Dicar-| §3 
metabo- tate a 33 
lized b. isolated | =& 
tate i 
(1) 2) (3) | (4) 5) 6 | @m | @ 
| mu | 
1A* | Acetoacetate | 0.25 | Succinic | Fumaric 3.80} 0.22 | 0.12 
1B* | *“ | 0.34 ‘i ak, | 3.98) 0.30 | 0.01 
i - 0.32 | a-Ketoglutaric | a-Ketoglutaric | 3.98) 0.50%) 0.08 
3° CO, | 0.10 | Succinic | Fumaric 0.00' 0.00 | 2.23 
| | Acetoacetic | 
4t Acetate | 0.31 a-Ketoglutaric | Succinic | 3.88) 0.28 | 0.01 











* 60 minute experiment. 
t 40 minute experiment. 
t This value calculated from the observed C™ content of a-ketoglutaric acid 
semicarbazone. 


of solution. These acids were determined by the methods of Friedemann 
(16) and Edson (17) respectively. In all but Experiment 3, the concen- 
tration of C™ in the bicarbonate was maintained at a low level by con- 
tinuous bubbling of a non-isotopic gas mixture (95 per cent O2-5 per cent 
CO,) through the solution. Average values for the isotopic content of the 
bicarbonate of the solution are included in Column 8, Table I. 

In Experiment 3, non-isotopic acetoacetate was incubated with non- 
isotopic sodium succinate in a medium containing bicarbonate labeled with 
C, The pure fumaric acid isolated at the conclusion of the experiment 
contained a normal concentration of C™, indicating that under the condi- 
tions of our experiments CO, is not incorporated into these substances. 














F 





—————EEoooo a 








BUCHANAN, SAKAMI, GURIN, AND WILSON 701 


In Table II are reported results of experiments in which fumaric acid and 
a-ketoglutaric acid semicarbazone were partially degraded by oxidation. 
The carbon dioxide obtained by the oxidation of the methine carbons of 
fumaric acid (“formic acid” fraction in Table II) contained no excess of 
C8, proving that all of the excess C™ of the isotopic fumaric acid was in 
the carboxyl carbons. Since the methine carbons of fumaric acid origi- 
nated directly from the methylene carbons of succinic acid and indirectly 
from the methylene carbons of a-ketoglutaric acid, it is concluded that 


TaBLe II 


Concentration of Isotope in Fractions Obtained by Degrading Metabolic Products 
of Acetoacetic Acid 





—_—[—<$—$——_—_—_—— — 


| C® concentra- 
| tion, atom per 











Substance Origin of fraction cent excess 
| Experi- Calcu- 
| mental lated 
(1) (2) | @ | @ 
SEE ee ee SS as I ecicbiatees 
Fumaric acid | Experiment 1B | 0.30 
“CO,” fraction | 2 carboxyl carbons + 1 methine | 0.43* 
carbon 
“Formic acid’”’ fraction | 1 methine carbon | 0.00 
1 carboxy! carbon 1.20 
a-Ketoglutaric acid semicarbazone| Experiment 2 0.42 
“CO,” fraction | C of semicarbazide and C of a- | 0.12 
carboxy] 
“Succinic acid’’ fraction | Remaining 4 carbors of a-keto- | 0.59 | 
glutaric acid semicarbazone 
a-Carboxyl carbon | 0.24 
" | 2.36 


y-Carboxyl | 





*In the oxidation of fumaric acid with acid permanganate 6.8 mg. of isotopic 
fumaric acid were diluted with 14 mg. of non-isotopic fumaric acid. The isotope 
excess obtained (0.14) bas been corrected for the dilution with non-isotopic fumaric 
acid as follows: (0.14  20.8)/6.8 = 0.43. 


none of these carbon atoms contained excess isotope. Furthermore, in 
view of present theories on the mechanism of formation of a-ketoglutaric 
acid from oxalacetate and acetoacetate, the assumption is made that the 
carbon atom of the keto group of a-ketoglutaric acid isolated in these 
experiments is non-isotopic. Since one of the carboxyl carbons of either 
succinic or fumaric acid is derived from this carbon atom, it is therefore 
non-isotopic. For this reason the assumption is made in the calculations 
in Column 4, Table II, that all of the isotope of the recovered succinic and 
fumaric acids resided in one carboxyl group only and that this carboxyl 
group was derived from the carboxyl group of a-ketoglutaric acid which was 
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7 to the keto group. On the basis of this assumption it is possible to 
estimate that the isotope content of the y-carboxy] carbon of a-ketoglutarie 
acid was approximately 10 times that of the a-carboxyl carbon (Colump 
4, Table II). 


DISCUSSION 

The distribution of isotopic carbon in a-ketoglutaric acid during its 
formation in pigeon liver mince from pyruvate and isotopic carbon dioxide 
led Evans and Slotin (18) and Wood et al. (19) to conclude that citrie acid 
is not a direct intermediate in pyruvate metabolism. Wood et al. have 
suggested that cis-aconitic acid is the product of the oxidative condensa- 
tion of pyruvic and oxalacetic acids. 

The results reported in this paper dealing with the distribution of isotope 
in a-ketoglutarate likewise furnish information to identify the intermediates 
formed in the metabolism of acetoacetate. If citric acid were an inter- 
mediate in this metabolism, both carboxyl carbons of the resulting a-keto- 
glutaric acid should contain equal concentrations of C™. It has been 
estimated, however, that the carboxyl carbon y to the keto group of a-keto- 
glutaric acid contained approximately 10 times more isotope than the other 
carboxyl carbon. Although in this estimation certain assumptions were 
made, they are not necessary to establish the validity of the conclusion. 
Without making any assumptions regarding the distribution of isotope in 
the succinic acid resulting from the oxidation of a-ketoglutarate, it was 
possible to show experimentally that the average C™ excess of these 4 
carbon atoms was 2.5 times greater than that of the 5th carbon atom of 
a-ktoglutaric acid (i.e., the a-carboxyl carbon). For these reasons the 
authors suggest that cis-aconitate or isocitrate or both may be interme- 
diates in the acetoacetate oxidation, but that citrate is not. 

The presence of a relatively small excess of isotope in the carboxy] carbon 
a to the keto group of a-ketoglutaric acid resulting from the metabolism 
of isotopic acetoacetic acid may arise in several ways. As has been sug- 
gested by us previously (7), it may result from the participation of a small 
amount of cis-aconitic acid in an equilibrium reaction with citric acid. 
Such an equilibrium reaction would distribute the isotopic carbon equally 
between two of the three carboxyl groups of cis-aconitic acid. A more 
probable explanation is that carboxyl isotopic oxalacetic acid formed by 
the reactions in Diagram 1 reenters the cycle, combining with a second 
molecule of labeled acetoacetate. a-Ketoglutaric acid thus formed should 
contain C™ in the carboxyl group a to the keto position, since it is theoret- 
ically derived from one of the carboxyl groups of oxalacetic acid. Since 
isotopic oxalacetic acid produced by the first series of reactions has been 
diluted once by the added non-isotopic a-ketoglutaric acid and upon re- 
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entering the cycle is diluted again, it would be expected that the C™ con- 
centration of the carboxy] carbon a to the keto group of a-ketoglutaric acid 
would be relatively small when compared with the concentration in the 
other carboxy! carbon of this compound. 


CH,-CO-CH,-COOH 


HOOC- CH) + HOC: CH- COOH 
Oxalacetic (enol forn) 
| COOH 


HOOC-CO-CH;-COOH 








HOOC-CH,-CHOH- CH,-COOH | 
| tT Oxalacetic 
Citric COOH | | (keto form) 
: AAA... Ar | -2H 
ee 
HOOC-CH;-C:CH-COOH HOOC-CHOH-CH,-COOH 
| T Malic 
cis-Aconitic | COOH 
| | +H.0 
| + | 
|+H.O HOOC-CH:CH-COOH 
| T Fumaric 
| | 
| -2H 
° esol 
HOOC-CH,-CH-CHOH-COOH HOOC-CH,-CH:;-COOH 
Succinic 
Isocitric COOH 
} —2H —COQ, +H.O0 —2H —CO, 





* \ 
HOOC-CH,-CH;-CO-COOH 
a-Ketoglutaric 

D1acraM 1. Proposed mechanism of oxidation of acetoacetate and acetate via 
the tricarboxylic acid cycle. Although isotopic carbon has been assigned to only 
one carboxyl of succinic, fumaric, malic, and oxalacetic acids respectively, it is 
obvious that the isotope may be allocated to one or the other carboxyl (but not 

both) after formation of the symmetrical succinic acid. 


The finding that acetate and acetoacetate as well as pyruvate are oxi- 
dized by way of the tricarboxylie acid cycle suggests a correlation of fat 
and carbohydrate metabolism. Although acetate (20)and acetoacetate 
(21) have been recognized as products of pyruvate metabolism, they have 
not been generally accepted as intermediates in the formation of tricar- 
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boxylic acids from pyruvate. Usually pyruvate and oxalacetate have 
been considered as the reactants in the condensation, and oxalcitraconie 
acid has been suggested as a possible product (22). An alternative theory 
is that pyruvate is first oxidatively decarboxylated into a 2-carbon inter- 
mediate, which is condensed with a 4-carbon compound to form a 6-carbon 
tricarboxylic acid (cis-aconitate or isocitrate). Acetoacetate, according 
to such a theory, would represent a reservoir for this hypothetical 2-carbon 
intermediate and would be formed in those tissues (7.e. liver) in which fat 
and pyruvate metabolisms are relatively rapid. The 2-carbon interme- 
diate of acetoacetate and pyruvate metabolism might be acetic acid or its 
phosphorylated derivative, acetyl phosphate. The recent observation 
by Weinhouse, Medes, and Floyd (23) that a 2-carbon compound is in- 
volved in the oxidation of octanoic to acetoacetic acid has initiated a re- 
newed interest in this 2-carbon compound as an important intermediate of 
fat and ketone body metabolism. Calculations based upon our experi- 
mental findings indicate that acetate is oxidized via the organic acids of 
the tricarboxylic acid cycle at a rate similar to that of acetoacetate. This 
is further support for the belief that a 2-carbon compound may be an inter- 
mediate of acetoacetate oxidation. 

A scheme proposing that cis-aconitic acid is formed by condensation of a 
C, and a C, unit is consistent with existing non-isotopic data concerning 
the formation or non-formation of carbohydrate from C; or C2 units, 
Although many 3-carbon chains such as glycerol, pyruvate, lactate, alanine, 
and propionate may be converted into carbohydrate by the mammalian 
organism, it has never been conclusively demonstrated that acetic acid or 
multiples of this C, unit (7.e. naturally occurring fatty acids) can undergo 
this same reaction. 

At present it is thought that Reaction 2 (Diagram 2) (7.e. phosphopyruvie 
+ adenosine diphosphate — pyruvic + adenosine triphosphate) (24) 
and Reaction 5 (i.e. pyruvic + O — carbon dioxide + acetic) are irrevers- 
ible in the mammalian organism (25). On the basis of experiments with 
radioactive C"O,, Hastings and his coworkers (26) have postulated that 
phosphopyruvate may be synthesized from pyruvate by Reactions 3 and 
4. According to this mechanism oxalacetate would be an intermediate of 
glycogen synthesis from pyruvate. Although the conversion of acetic acid 
into pyruvic acid by reductive carboxylation has not been demonstrated 
in mammalian tissues, the reverse reaction is a reaction of considerable 
significance. Bloch and Rittenberg have shown, for instance, that alanine, 
which may be converted into pyruvic acid, is almost as effective as acetic 
acid itself in the acetylation of /-phenylaminobutyric acid (27). 

If the assumption is made that acetic acid is further metabolized by con- 
densing with oxalacetic acid forming cis-aconitic or isocitric acid, it is 
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possible to explain how acetic acid as well as other fatty acids may by 
oxidized via a mechanism common to carbohydrate oxidation withoyt 
effecting a net synthesis of carbohydrate. According to Reactions 6 and 
7, Diagram 2, 1 mole of oxalacetic acid reacts with 1 mole of acetic acid to 
form 2 moles respectively of CO, and water and 1 of oxalacetic acid. Thus 
there has been no accumulation of oxalacetic acid, although 1 mole of 
acetic acid has been oxidized. The over-all reaction is acetic acid 4 
2CO, + 2H,0. 

The carbons of the acetic acid, however, are not the ones which have 
formed CO,. Thus, acetic acid carbon may be found in a carbohydrate 
precursor (oxalacetate) without causing its accumulation. Such a reae. 
tion suggests the need of carbohydrate intermediates for the oxidation of 
fatty acids. According to this scheme fatty acids and that fraction of 
pyruvic acid which is converted into acetic acid cannot be converted into 
carbohydrate. Pyruvic acid, metabolized by the alternative pathway of 
the Wood and Werkman carboxylation reaction, on the other hand, may 
be presumed to be a source of carbohydrate. Obviously, these conclusions 
concerning the metabolism of fatty acids are based upon the assumption 
that the conversion of acetic acid directly to pyruvic acid does not take 
place at all or to any appreciable extent in the mammalian organ- 
ism (28, 29). 


The above discussion offers an explanation for the experiments of Bu- 


chanan, Hastings, and Nesbett (30), in which carboxy] radioactive butyric] 


acid was administered to white rats along with non-isotopic glucose. Sig- 
nificant amounts of radioactivity were found in the liver glycogen isolated 
after a 2 hour experimental period. As has been demonstrated by Hast- 
ings and his coworkers (31) and by Boxer and Stetten (32), there is a con- 
siderable synthesis of glycogen from compounds with carbon chains smaller 
than glucose after the administration of glucose to fasted rats. Vennes- 
land et al. (31) have postulated that phosphorylated derivatives of glucose 
and the components of the tricarboxylic acid cycle are rapidly brought 
into equilibrium by enzymatic reactions (Reactions 1 to 4, Diagram 2). 
According to these equilibrium reactions shown in Diagram 2, it is possible 
for isotopic carbon of isotopic oxalacetic acid formed during the metabolism 
of carboxy! radioactive butyric acid to appear in glycogen, even though 
there has been no increase of either carbohydrate or the carbohydrate 
precursor, oxalacetic acid. 

The inability of these investigators to demonstrate the incorporation 
of acetate carbon into glycogen in vivo under conditions in which butyrate 
yielded a positive result is at present unexplained. Recently, however, 
Rittenberg and Bloch (33) have been able to isolate isotopic glutamic and 
aspartic acids from the carcass and liver of mice and rats fed acetate con- 
taining a high concentration of C™ in the carboxy! position. The isotope 
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concentrations in the isolated compounds were small because of the great 
dilution always encountered in such experiments with intact animals, but 
were significant. 

Since, in our in vitro experiments with acetic acid, the dilution factors 
are known to a certain extent, it is possible to calculate roughly the per- 
centage of metabolized acetic acid which is oxidized via intermediates of 
the tricarboxylic acid cycle. This may be done when the following are 
known: (a) the initial isotopic concentration of acetate, (b) the millimoles 
of acetate carbon metabolized, (c) the millimoles of dicarboxylic acid 
carbon added to the tissue, and (d) the final concentration of isotope in the 
dicarboxylic acid isolated. In the experiment with isotopic acetate, all 
of the added a-ketoglutarate was metabolized. The main product of 
metabolism was succinic acid; only small amounts ef fumarate (or malate) 
were found. It was assumed in making the calculation that complete 
intermixing of the isotopic and non-isotopic compounds occurred and that 
the concentration of isotope in the succinic acid was equal to the concen- 
tration of isotope in the various metabolic products. ‘The essential data 
for this calculation are as follows: (A) initial isotopic concentration of 
acetate, 3.90 atoms per cent excess C™; (B) millimoles of acetate carbon 
metabolized, millimoles of acetate metabolized X 2 = 0.31 K 2 = 0.62; 
(C) millimoles of dicarboxylic acid carbon added, 1.5 K 4 = 6 (only 4 
carbons of a-ketoglutaric acid are used in the calculation as the fifth is 
removed as CO.); (D) final isotopic concentration in the succinic acid 
isolated, 0.28 atom per cent excess C™. Therefore, the percentage of 
acetate metabolized via succinic acid is 


DxC€C 0.28 X 6 X 100 
AxB™™="30 x00 ~”* @) 

By these approximate calculations it is estimated that about 70 per cent 
of the acetate disappearing is metabolized via the organic acids of the 
tricarboxylic acid cycle. 

A similar calculation probably even less accurate has been made with the 
data from Experiment 1B to ascertain what fraction of the acetoacetate 
disappearing was metabolized via these same intermediates. In this 
experiment succinic acid was oxidized to fumaric and malic acids, the main 
products of metabolism. In a separate experiment it was shown that only 
a small proportion of the added metabolites was oxidized to carbon dioxide. 
The values from Experiment 1B to be substituted in equation (2) are 
as follows: (A) initial isotopic concentration in acetoacetate, 3.80 atom per 
cent excess; (B) millimoles of acetoacetate carbon metabolized, 4 K 0.34 
= 1.36; (C) millimoles of succinic acid carbon added, 1.5 X 4 = 6.0: 
(D) isotopic concentration in the isolated fumarate, 0.30 atom per cent 
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excess. Therefore, the percentage of acetoacetate metabolized yig 
fumaric acid is 


0.30 X 6 X 100 


380x138 7°” 


According to these calculations at least 35 per cent of the acetoacetate | 


disappearing is metabolized via the oxidative reactions of the tricarboxylie 
acid cycle. No attempt has been made to account for the remainder of 
acetoacetate metabolism, although undoubtedly the formation of 8-hy- 
droxybutyric acid, a reductive reaction, is an important consideration, 
In a similar experiment with pyruvate in liver mince, Wood et al. (34) have 
found that 45 per cent of the pyruvate disappearing could be accounted 
for by the formation of products of reductive reaction (7.e. lactate, malate, 
fumarate). 

It is estimated that in Experiment 1B, 0.35 X 1.36 or 0.48 mm of aceto- 
acetate carbon, and in Experiment 4, 0.70 X 0.62 or 0.43 mm of acetate 
carbon were metabolized via the oxidative reactions of the tricarboxylie 
acid cycle. Since the conditions in these two experiments were compa- 
rable, it is concluded that acetate and acetoacetate oxidations proceed by 
these reactions at approximately equal rates. These results are not in 
accord with the non-isotopic experiments of Weil-Malherbe and of Krebs 
and Eggleston, who could find no evidence for the oxidation of acetoacetate 
via the intermediates of the tricarboxylic acid cycle in sheep heart and 
kidney. 


We wish to express our appreciation to Dr. Sidney Weinhouse and the 
Houdry Laboratories, Marcus Hook, Pennsylvania, for the isotopic 
analyses. 


SUMMARY 


It has been demonstrated that acetoacetate as well as acetate is oxi- 
datively metabolized by way of the tricarboxylic acid cyele. After incuba- 
tion of isotopic acetoacetate or acetate with kidney homogenates, it was 
found that isotopic carbon had been incorporated in a-ketoglutaric, suc- 
cinic, or fumarie acid. * There was no participation of CO, in this isotopic 
transfer. The amounts of acetate and acetoacetate metabolized by this 
process have been roughly estimated and the results indicate that this is an 
important metabolic pathway. 

Chemical degradation of the isotopic a-ketoglutarate and fumarate 
indicated that the excess of C® resides almost exclusively in the y-carboxyl 
group of a-ketoglutaric acid. Citrate is therefore excluded as a significant 
intermediate. 

The interrelationship of carbohydrate and fat oxidation is discussed 
and the conclusion drawn that metabolic intermediates of fat are con- 
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verted into CO, and H;0 by a process which is in part identical with the 
pathway of carbohydrate oxidation. A mechanism is proposed for ketone 
body oxidation which is consistent with the point of view that no “extra” 
carbohydrate is formed during the metabolism of fatty acids. 
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THE CHEMISTRY OF CYSTICERCUS FASCIOLARIS 
III. THE COMPOSITION OF THE ACETONE-SOLUBLE FAT OF 
TRANSPLANTED RAT TUMORS INITIATED BY 
CYSTICERCUS FASCIOLARIS* 

By SIDNEY F. VELICK 
(From the Department of Chemistry, Yale University, New Haven 
(Received for publication, May 11, 1945 


The sarcomas arising in rat livers at the surface of the cysts surrounding 
the tapeworm larvae, Cysticercus fasciolaris (Taenia taeniaformis), have 
been extensively studied by Curtis, Dunning, and Bullock, (1). Recently 
in this laboratory, as part of a cooperative investigation sponsored by 
The International Cancer Research Foundation, a chemical investigation 
of the extractable components of the larvae was undertaken by Anderson 
and coworkers (2, 3). The opportunity has arisen in continuation of 
this project to examine the tumors caused by the parasite. As in the 
case of the larvae a large amount of carefully prepared tumor tissue was 
supplied by Dr. Dunning and Dr. Curtis. 

Although the lipids of malignant mammalian neoplasia have been the 
subject of numerous investigations, they have not yet been subjected to a 
detailed chemical analysis. From the available evidence they appear in 
superficial character to resemble the lipids of normal tissues, although 
elevated levels of cholesterol esters (4) and of higher unsaturated acids 
determined as the polybromides (5) have been reported. Interest in 
tumor lipids resides in the possibilities for structural and metabolic pecu- 
liarities, and in the numerous reports of tumor-inducing properties in the 
lipid extracts of tissues from various sources. Samples of the fractions 
obtained in the present work have been reserved for biological study. 

The fraction of the Cysticercus rat tumors designated acetone-soluble 
fat was completely soluble in cold ether and acetone and constituted 3.93 
per cent of the dry weight of the tissue. Its composition and properties 
are summarized in Table I. Expressed as per cent of the dry weight of 
the tumor tissue, the amounts of fat and unsaponifiable material fall 
within the rather wide limits observed in normal organ tissues. In accord- 
ance with previous reports the iodine number of the fatty acids was 
high but the cholesterol distribution was not unusual. About 30 per cent 
of the fatty acids was free. The remaining acids were combined as simple 
glvcerides. There was also present a small amount of phosphatide which 
was not removed during the purification. 


*This work was aided by a grant from The International Cancer Research 
Foundation. 
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The fatty acids were fractionated by way of the lead salts in alcohd | 
and ether and the lithium salts in acetone, and were then converted ty! 
the methyl esters and fractionally distilled. In Table II is presented the] 


Taste I 
Composition of the Acetone-Soluble Fat of Transplanted Rat Tumors Initiated by 











Cysticercus fasciolaris 

Substance acotens-ookinil 
I p05 cceh kh naedn otaeesnaks Kes Sp RENE RE + 2) 66.3 
Free - ** calculated as oleic acid.... 20.3 
Total cholesterol....... : Beds cedee a3 sway 24.4* 
Free "9 wat Z3 Pete ; dant «25 os 18.4* | 
Unidentified unsaponifiable material....................... 4.5 ’ 
Glycerol. . ees ey ae a 4.4 
Glycerophosphoric acid. . tapiooenigieeytey ial | 0.21 | 
Choline oe span aaa 0.28 
Acid No. of fat. ...... banat, Baa. S0nrioses cox | oe: 2 
Volatile fatty acids. .. Sue conavgebbeeawlss tens | Trace 
Iodine No. of fat.... TO ea ke eae ee ene eee 91.9 

sa « © total acids ays ree ’ Fk Gob aleine 96 


* Expressed as per cent of the total dry weight of the tumor tissue, these value 
are as follows: total cholesterol 0.95 and free cholesterol 0.72 per cent, respectively. | 





TaB_e II 


The Fatty Acids of the Acetone-Soluble Fat of Transplanted Rat Tumors Initiated by| 
Cysticercus fasciolaris 








Acid | Soren 
es - Se 
Myristic and lower acids.......... Dene hs cee s ve lies oven .| l 
Rs Liiet Gt tae. ee Jebalten | dees wkd le panne oe pul 23 
a. te a aR a a ; 14 
Eicosanoic and higher acids. . ape ; ; 7 l 
Lower unsaturated acids... ; Trace 
Hexadecenoic acid... ise 3.5 
Oleic acid... : , : aut iK 28 
Linoleic acid.... = 10.5 
Eicosenoic acids........... ae ice 13 
Docosenoic acids.. - annanue , 6 


observed distribution of the fatty acids. The major saturated acids were 
isolated in sufficiently pure form for positive identification. The ut} 
saturated acids were separated into groups homogeneous with respect t 





thi 
bo 
ex' 
in 
(7 
di 
alt 


wi 
co) 
180 
we 


po 
ac 





lcohal | 
ed to 
d the 


ues 
ely. | 


1 by | 


S. F. VELICK 713 


the number of carbon atoms but not with respect to the number of double 
bonds. Although the amounts of unsaturated Coo and C2 acids greatly 
exceed the values for normal rat carcass glycerides (6), they correspond 
in certain respects to those reported for ox, pig, and sheep liver glycerides 
(7) and to the total carcass acids of rats fed high fat diets, particularly 
diets containing 40 per cent cod liver oil (8). It should be noted that, 
although Cysticercus rat tumors arise in the liver, they do not represent 
malignant transformations of functional liver cells, and hence comparison 
with liver glycerides must be interpreted with caution. 

As far as could be determined the unsaturated acids of the Cis series 
consisted entirely of oleic and linoleic acids. Linoleic acid was isolated 
and identified through its crystalline tetrabromide. Oleic acid was not 
isolated in pure form but its presence in the octadecenoic acid fraction 
was demonstrated. The unsaturated Co» acids were a mixture of com- 
ponents containing one to four double bonds and the C» group contained 
acids with four or more double bonds. 


EXPERIMENTAL 


The tumor tissue consisted entirely of transplants of tumors initiated 
in rats by the administration of the eggs of Taenia taeniaformis. Rats four 
to seven months of age of the same inbred strains as the primary hosts 
were employed. They were maintained on a stock diet of bread dipped 
in milk, yellow corn, and a variety of greens. When the tumors reached 
an approximate weight of 50 gm., from an implant of 2 mg. in the sub- 
cutaneous tissue, they were excised, dissected free of normal and necrotic 
tissue, cut into small pieces, and stored in alcohol. Histologically they 
were of three types, in which the cells were predominantly spindle cells, 
polymorphous cells, and plasma cells respectively. 

Before extraction the coarsely minced tissue was reduced to a fine pulp 
under alcohol in a Waring blendor. Extraction was carried out by allow- 
ing the pulp to stand with occasional shaking under a series of solvents 
at room temperature. The pulp was extracted in this manner twice with 
5 liters of alcohol, once with 5 liters of acetone, and twice with 4 liters of 
ether. The insoluble residue was then extracted three times with 4 liters 
of a boiling 3:1 methanol-chloroform mixture. After each extraction 
the suspension was filtered by suction through washed canvas and filter 
paper. The clear solutions were concentrated under reduced pressure at 
a bath temperature of 45-50°. The alcohol extracts, which contained 
most of the tissue water, were concentrated until most of the alcohol was 
removed and were then. extracted with ether. Subsequent extracts, 
after filtration and removal of the solvent, were dissolved in 2 to 3 volumes 
of ether. In each case the ether solution was chilled overnight and cen- 
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trifuged to remove ether-insoluble material, and the clear solutions poured 
into 3 to 4 times their volume of cold acetone. The resulting precipitates 
were filtered off, washed with acetone, and set aside for separate study. 
The filtrates and washings were combined, evaporated in vacuo, and dis. 
solved in ether. A small flocculent precipitate appeared on chilling and 
was filtered off. The filtrate was shaken twice with water to remove 
water-insoluble impurities and the ether layer was dried over sodium 
sulfate. Only a trace of precipitate appeared when the dried ether solution 
was poured into acetone. The acetone was distilled from the filtered 
solution under reduced pressure and the residual reddish oil was dried 
in vacuo over phosphorus pentoxide to constant weight. 

The aqueous washings and the water-soluble portions of the alcohol 
extracts were taken to dryness in vacuo with the addition of amyl alcohol 
to prevent excessive foaming. The residue was extracted repeatedly 


Tasxe III 
Crude Fractions of the Transplanted Rat Tumors Initiated by Cysticercus fasciolaris 








Fraction Weight wal doa 
ym 

Acetone-soluble fat . . — ; re 63 3.938 
Acetone-insoluble lipids we 40 2.49 
Ether-insoluble lipids. ; ven 6 0.37 
Water-soluble fraction of crude lipid extracts 

I a Boi SEREa dt cde ABT eb oc bike id 32 2.0 

Alcohol-insoluble . oe en 116 7.2 
Residue. .. Se ee ee ee eee ee ee ‘a's 1346 83.9 
Total dry weight gaa cnacibaie Otome pece 1603 


with hot absolute alcohol and the insoluble portion rubbed under alcohol 
until it was reduced to a powder. The alcohol-soluble portion on removal 
of the solvent formed a dark gum. Table III gives a summary of the 
crude extracts, 

Saponification of the Fat—The fat was saponified with an excess of 
potassium hydroxide in 90 per cent alcohol on the steam bath for 1 hour. 
Most of the alcohol was removed in vacuo and the residue diluted with 
water and extracted with ether. The ether solution was washed with 
water, evaporated, and the residue resaponified for 4 hours. The small 
amounts of additional soaps so obtained were added to the main batch and 
the fatty acids were isolated in the usual way. The water-soluble fraction 
was neutralized and evaporated to dryness in vacuo. The unsaponifiable 


fraction was likewise freed of solvent and reserved for subsequent } 


examination. 
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Preliminary Fractionation of the Acids—The separation of the saturated 
and unsaturated acids was undertaken before distillation of the esters. 
Although this procedure reduced the volume of material available for a 
single distillation and hence decreased the distillation accuracy, it elimi- 
nated the need for separate salt fractionations on the numerous small 
distillation fractions. It also reduced to a minimum the amount of time 
in which the more labile unsaturated esters were subjected to distillation 
conditions. 

The saturated acids were isolated from the crude mixture by two precip- 
itations of the lead salts from alcohol according to the Twitchell pro- 
cedure (9) and the lead salts were extracted with warm ether. The 
resulting insoluble salts were filtered off, washed with ether, and converted 
to the free acids. Diazomethane in ether solution (10) was used as the 
esterifying agent. The excess reagent and solvent were distilled off 
after standing for 1 hour at room temperature. 

The alcoholic filtrate from the lead salt precipitation of the saturated 
acids was combined with the alcohol and ether washings and evaporated 
in vacuo. From the residue the free unsaturated acids were obtained by 
shaking with dilute hydrochloric acid and ether. The resulting acids 
were dissolved in 4 volumes of acetone and neutralized to phenolphthalein 
with 10 per cent lithium hydroxide in water. Acetone was added until a 
concentration of 95 per cent was reached and the mixture was chilled 
overnight. The precipitate was filtered, and washed*with cold acetone. 
This procedure separated the major portion of the oleic and linoleic acids 
as the insoluble lithium salts and left the higher unsaturated acids in 
solution (11). The free acids were recovered from both of the lithium 
salt fractions and esterified with diazomethane. 

The results of the salt fractionations are summarized in Table IV. It 
can be seen that the lithium salt fractionation effectively isolated the 
higher unsaturated fraction. As shown by the subsequent distillation, 
the molecular weights of the acids forming soluble lithium salts were 
higher than those in the other fractions. However, the average value 
observed by titration of a sample of the undistilled material was mislead- 
ingly high because impurities tended to be concentrated in that fraction. 

Distillation of the Methyl Esters—The methyl esters of the three groups 
of acids resulting from the salt fractionation were fractionally distilled 
at a pressure of 1mm. The column employed was originally constructed 
in a slightly different form for the distillation of small amounts of esters 
of branched chain fatty acids and has been briefly described (12). It 
is shown diagrammatically in Fig. 1, together with the essential details of 
construction. 

In carrying out a distillation the system was evacuated to the desired 
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pressure and the pot, B, heated in a Woods metal bath until the lower 
part of the spiral packing was wet. The jacket temperature was thep 
slowly raised until the reflux reached the top of the column. The tem. 


perature of the supplementary heater was slowly raised until distillation | 


occurred at a rate of 0.2 to 0.5 cc. per hour. Both jacket and pot tem. 
peratures were adjusted so that distillation slowed down and stopped 
when they were lowered a few degrees. In the transition region between 
components the jacket and pot temperatures were raised by small inere- 
ments and small fractions taken until a steady state was again established, 

The progress of the distillation was followed by measurements of re- 
fractive index. Saturated esters isolated in pure form and unsaturated 
esters essentially homogeneous with respect to the number of carbon 
atoms represent plateaus in the distillation curve in which the refractive 
index was determined at several points and remained constant or showed 
only slight drift. The saturated members were identified by melting 


TaBLe IV 


The Properties of the Fractions Obtained by Salt Fractionation of the Total Acids from 
17.42 Gm. of Acetone-Soluble Fat 

















= iP , . 
a Source Weight | of total “eee cadaial 
Ter i rity )igy “0 Sa i FJ gm. 
1 | Ether-insol@ble lead salts........... 4.39 38.2 1.9 265 
2 | Acetone-insoluble lithium salts......., 4.30 | 36.1 124 | 283 
25.7 242 361 


3 Acetone-soluble lithium salts.........| 2.70 








point and refractive index of the methyl! ester and by the neutral equiva- 
lent and melting point of the free acid. Iodine numbers of the unsaturated 





esters were determined by the method of Yasuda (15). Samples were | 


then hydrogenated with platinum oxide catalyst, and the reduced esters 
and corresponding acids characterized in the manner described above. 


Saponification of the esters was effected with 10 per cent potassium hy- | 
droxide in 90 per cent alcohol on the steam bath. The free acids were | 


crystallized once from a small volume of acetone. Titrations were carried 
out in benzene with alcoholic potassium hydroxide to a phenolphthalein 
end-point. 


As far as can be judged from an evaluation of the procedures the relative | 
accuracy of the distillation figures is +5 per cent or better for the major | 


components. In making the calculations the small per cent of homologous 


impurity in the constant boiling fractions has been neglected. There | 
were small polymerized distillation residues which were also neglected, | 


since their source could not be accurately assigned. Presumably they 
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Fig. 1. Diagram of apparatus used in the fractional distillation of small amounts 

b of methyl esters. The column, A, is of 4 mm. internal diameter and 30 cm. long. 

: It is packed with a close fitting spiral, 6 to 8 turns per inch, of No. 22 stainless steel 
wire or glass of corresponding gage, as introduced by Podbelniak (13). The column 

’ is attached to the still head, F, by a 12/30 ground glass joint and to the pot, B, of 
20 cc. capacity, by a 14/20 ground glass joint. These joints are lubricated with 
bicycle graphite. The jacket, C, consists of concentric tubes of 25 and 50 mm. 
diameter respectively. The inner jacket tube rests on a constriction at the bottom 

‘ of the outer tube, and is centered at the top by a grooved Transite disk, D. Through 
the disk, D, is inserted a thermometer, 7, and the junction of the column and still 
head. In the outer annular space of the jacket are strung 3 coiled springs, H, of 

No. 24 nichrome wire attached to binding posts inserted through the outer jacket 
tube. These strands, which contain a total of 12 feet of wire, are connected to form 

y a single heating element controlled by a variable transformer. The inner annular 

3 space, between the column, A, and the inner jacket tube, contains two asbestos 


baffles, W, which help maintain the temperature gradient. The still head is similar 

to one employed on a column of slightly larger capacity by Klenk and Schuwirth 

(14). It is attached to the column by a 12/30 male joint, which is cut at a 45° angle 

| at the bottom to prevent a tendency to flood at that point. Distillate is taken off 

| through the capillary, 2, which has a 0.5 mm. bore. The vacuum line is attached 

| | at K. In order to facilitate control of distillation rate and prevent solidification 

in the capillary the segment of the head between the disk, D, and the capillary is 

insulated with asbestos. The asbestos is wound with a few turns of nichrome wire, 

| which is continued around the capillary as far as the receiver where it is secured by a 

binding strip. This supplementary heater, which is not shown in the diagram, is 

| controlled by a variable transformer. The receiver, G, is 60 mm. in diameter and 

extends 90 cm. below the junction of the capillary. It is fitted with a No. 12 rubber 

stopper through the center of which is a 14/30 ground glass joint, J. The eight 
receiving tubes, R, are of 1 cc. capacity and set in holes in the perimeter of a copper® 

| disk mounted on a shaft through J. The rubber stopper should be lubricated with 

glycerol before each run. 
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arose chiefly from the higher unsaturated esters, and hence the figure 





for these components are probably too low. The compositions of the 
three main groups of acids were determined separately and multiplied | 
by the appropriate factors to give the figures in Table II. 

The Saturated Acids—The results for this group are shown in Table Y. | 
As in most mammalian fats palmitic acid was the predominant saturate | 
acid. Together with stearic acid it constituted more than 95 per cent | 
of the saturated fraction. The esters of these acids were obtained jp 
comparatively pure form, as indicated by the physical constants. Lowe 
and higher members of the saturated series did not occur in amounts 
sufficient for purification and positive identification. From the boiling 





range in which they were obtained it is assumed that they were chiefly 
myristic and n-eicosanoic acids. 


TABLE V 
The Saturated Acids and Their Methyl Esters 

















Methy! esters Free acids 
Frac- = = 
No. a aca Weight | songs — m.p | m.p. | ca 
"p | | Tent 
gm. “C. » on ee 
1 | Palmitic and lower acids 0.81 | 1.4301-1.4315) 245 
2 | - acid 4.49 | 1.4318 | 28.8 | 62.1 | 257° 
3 | “ and stearic acids 1.82  1.4321-1.4344 55 272 
4 | Stearic acid 2.89 | 1.4348 38.6 | 69.2 | 284} 
5 ‘* and higher acids 0.33 | 1.4355-1.4379 67 295 











* Palmitic acid, m.p. 62.9°, mol. wt. 256; methyl palmitate, m.p. 29.8°. 
¢ Stearic acid, m.p. 69.8°, mol.wt. 284; methyl stearate, m.p. 38.7°. 


Unsaturated Acids Which Formed Lithium Salts Insoluble in Acetone— 
The crude esters of this fraction weighed 9.7 gm. and represented acids 
containing 14 to 22 carbon atoms, Table VI. Esters of the acids con- 
taining 14 or fewer carbon atoms occurred in amounts too small for pun- 
fication. The first constant boiling fraction consisted of esters of Cy 
acids. A sample weighing 304 mg. was hydrogenated in methanol solu- 
tion. The saturated ester obtained after filtration of the platinum oxide 
and removal of the solvent melted at 27.8°. On saponification it yielded 
268 mg. of palmitic acid, m.p. 61.8°. From the yield of palmitic acid 
obtained and the iodine number of the original unsaturated ester it may 
be concluded that the Cy. acid was palmitoleic acid containing about 16 
per cent of palmitic acid. 

The major fraction in this group consisted of esters of the unsaturated 


* C,,acids. The iodine number and index of refraction of the esters indicated 
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a mixture of 25 to 30 per cent of methyl linolate and 70 to 75 per cent of 
methyl oleate. A portion of the ester was saponified and the free acids 
isolated and freed of traces of solvent and color by molecular distillation 
at a pressure of 0.05 mm. A sample of the distilled acids weighing 2.95 
gm. was brominated in 25 cc. of low boiling petroleum ether at 0°. The 
crystalline precipitate weighed 0.82 gm. and melted at 112.5°. After 
one crystallization from ligroin the melting point rose to 113.5° and mixed 
with an authentic sample of tetrabromostearic acid (m.p. 114°); prepared 
from corn oil, it melted at 114°. If the yield of tetrabromide was 50 per 
cent, then linoleic acid constituted 25.9 per cent of the fraction under in- 





TaB_e VI 
Unsaturated Acids with Lithium Salts Insoluble in Acetone 
Methy! esters Reduced acids 
Fraction | No. of carbon . —— ——— 

—< atoms in . . 

No. 7 acids Weight Refractive index, Iodine am Neutral 
— n> No P- equivalent 
=. ote 

1 Up to 16 0.14 1.4441 55 43 236 

2 16 0.55 1.4499 70 61.8 258* 

3 16-18 0.89 1.4499-1. 4561 93 57 272 

4 18 7.05 1.4550-1.4558 108 69.4 284t 

5 18-20 0.45 1. 4558-1. 4620 128 64 292 

6 20-22 0.52 1. 4620-1. 4730 144 71 320 


* Palmitic acid, m.p. 62.9°, mol. wt. 256. 
t Stearic acid, m.p. 69.8°, mol. wt. 284. 


vestigation, which falls within the range indicated by the iodine number 
and index of refraction of the methyl esters. 


Analysis—14.61 mg. bromo acid: 18.10 mg. AgBr 
C,sH,0.Br,. Calculated, Br 53.3; found, 52.7 


There was no ether-insoluble polybromide, and hefice no detectable 
linolenic acid. The remainder of the C;s acid must therefore have been 
oleic acid together with possible traces of stearic acid. An attempt was 
made to characterize the oleic acid by ozonization. 2.0 gm. of the un- 
saturated C;s acids were dissolved in 10 ce. of chloroform and an excess 
of ozone passed through the solution at 0°. The solvent was taken off 
at 35° in vacuo and the ozonides decomposed by stirring for 1 hour at 80° 
in water containing a few per cent of hydrogen peroxide. The product 
was extracted from the aqueous suspension with ether, washed with 
small volumes of dilute ferrous ammonium sulfate and water, dried over 
sodium sulfate, and evaporated. The residue was extracted with cold 











720 CYSTICERCUS FASCIOLARIS. III 


low boiling petroleum ether and the insoluble portion, which weighed 
0.4 gm., was recrystallized from water after filtering off a small amount 
of water-insoluble gum. There was obtained 0.25 gm. of azelaic acid 
which melted at 101°. On recrystallization from water it melted at 103° 
and had a neutral equivalent of 95; pure azelaic acid, with a neutral 
equivalent of 94, melts at 106°. The yield of purified azelaic acid obtained, 
although poor, was comparable with that obtained in control experiments 
on known acids and indicates that the monounsaturated acid was ordinary 
oleic acid. 

The two final distillation fractions in this group were mixtures as indi- 
cated by the neutral equivalents of the free acids obtained after reduction 
and saponification. Both fractions gave small amounts of ether-insoluble 




















TaBie VII 
The Unsaturated Acids with Lithium Salis Soluble in Acetone 
No. of Methy! esters | ye | Reduced acids 
Fraction} carbor 

o. | atoms in Refractive index, | , | 

eae | wee | ee | ome | ome | 

on. Poe Pie | 

1 | 18 0.85 | 1.4610 132 | 38.1 | 69.1 | 284* 
2 | 1820 | 1.27 | 1.4610-1.4785 | 296 
3 | 20 1.04 1.4785-1.4789 257 | 44.5 74.6 | 814t 
4 | 20-22 | 0.78 | 1.4789-1.4876 | | 322 
5 | 22 0.60 1.4877-1.4889 288 | 51 77 336g 








* Methyl stearate, m.p. 38.7°; stearic acid, m.p. 69.8°, mol. wt. 284. 
t Methyl eicosanoate, m.p. 45.8°; eicosanoic acid, m.p. 75.6°, mol. wt. 312. 
t Methy! docosanoate: m.p. 52.7°; docosanoic acid, m.p. 79.9°, mol. wt. 340. 


bromides. The final fraction, which was approximately 57 per cent Cy 
and 43 per cent Cz, had an iodine number of 144. This was less than the 
calculated value for two double bonds (C2oHs;0.CHs3, iodine number 158). 
Since there were no detectable saturated acids present, the unsaturated 
acids contained one or two double bonds or both. 

Acids Which Formed Lithium Salts Soluble in Acetone—Esters of un- 
saturated acids of the Cys, Coo, and Cz. series were present in this group. 
They are listed in Table VII together with the intermediate fractions. 
No trace of an acid lower than C;s could be detected. The only detectable 
reduction product of the octadecenoic esters was methy! stearate. From 
110 mg. of the free acid there were obtained, on bromination in petroleum 
ether at 0°, 120 mg. of polybromide which melted at 113° after one recrystal- 
lization from ligroin. These results indicate that the fraction was largely 
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linoleic acid. The low iodine number cannot be explained with the avail- 
able data. Corresponding acid fractions from animal sources have fre- 
quently been observed to give low rather than high yields of the crystalline 
tetrabromide, a result which has been attributed to the presence of isomeric 
acids (16, 17). 


Analysis—19.03 and 22.78 mg. of tetrabromide: 22.55 and 26.86 mg. AgBr 
C,sH:.0.Br,. Calculated, Br 53.3; found, Br 50.4, 50.2 


The second constant boiling fraction, as shown by its hydrogenation 
product, consisted of esters of unsaturated acids of the Czo series. Cal- 
culated from the iodine number the average number of double bonds in 
this group was 3.2 per molecule. It therefore consisted of esters con- 
taining four or more double bonds, together with esters of lower unsatura- 
tion, the presence of which had previously been demonstrated in the acids 
which formed acetone-insoluble lithium salts. The polybromide addition 
product, a mixture, was insoluble in ether and decomposed on heating. 
It contained slightly more than 6 bromine atoms per molecule. 


Analysis—90 mg. Czo acid yielded 320 mg. of polybromide; 19.47 and 20.80 mg. 


polybromide: 29.09 and 30.98 mg. AgBr 
CooHysO2Bre. Calculated, Br 61.07; found, 63.58, 63.38 


The final distillation fractions still showed a drift in index of refraction. 
From the final 0.6 gm. of esters there was obtained after hydrogenation 
and saponification an acid which corresponded in properties with n- 
docosanoic acid containing about 8 per cent of n-eicosanoic acid, as indi- 
cated by the neutral equivalent and low melting point. The unsaturated 
ester contained approximately four double bonds per molecule. 

The Unsaponifiable Fraction—A sample of the acetone-soluble fat 
weighing 0.1500 gm. was dissolved in 5 cc. of 95 per cent alcohol and 
treated with 12 ce. of a 1 per cent solution of purified digitonin. The 
precipitate was filtered through a tared sintered glass funnel after standing 
for 12 hours, washed with a few cc. of 80 per cent alcohol, and dried at 
110°. The precipitate weighed 0.110 gm., which corresponded to 0.0275 
gm. of free cholesterol or 18.4 per cent of the acetone-soluble fat. 

A sample of the fat which weighed 17.42 gm. yielded on saponification 
in the manner previously described 5.02 gm. of unsaponifiable material 
which corresponded to 28.8 per cent of the acetone-soluble fat. From 
this material there were obtained by fractional crystallization from alcohol 
4.04 gm. of crude cholesterol. After treatment with norit and one recrys- 
tallization from alcohol it melted at 146° [a] ~ = —40.72° (0.0980 gm. 
in 3.0 ce. of chloroform). The acetate was prepared by refluxing a small 
sample for 40 minutes in 5 times its weight of acetic anhydride. After 
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recrystallization from alcohol and acetone the acetate melted at 116.2° 
and gave no depression in mixed melting point with cholesterol acetate, 

The residual unsaponifiable material obtained from the final cholestero] | 
mother liquors was a reddish brown solid with an iodine number of 76.5, 

The Water-Soluble Fraction—The dried water-soluble fraction of the fat, 
prepared as described in a preceding section, gave a negative Molisch 
test. In order to remove the potassium chloride the material was extracted 
with hot absolute alcohol and filtered. The alcoholic solution was evap- 
orated and reextracted in the same manner and the process was repeated 
again. The final alcoholic solution was evaporated and the residue was 
dissolved in water and passed through small columns of ion exchange 
resins, Amberlite 1-R-100 and 1-R-4 prepared as described by McCready | 
and Hassid (18). From the final filtrate there was obtained a clear — 
almost colorless sample of glycerol which yielded a tribenzoate melting 
at 75.8°, mixed melting point 76°. The glycerol so obtained from 31 gm. 
of fat weighed 1.36 gm. When corrections are made for the free fatty 
acids and the unsaponifiable material, the recovery of glycerol is 86 per 
cent of the theoretical. 

The 1-R-4 resin was eluted with 5 per cent ammonia and the eluate 
evaporated to dryness in vacuo and dissolved in 5 ec. of water. A small | 
excess of barium hydroxide solution was added and the resulting few mg. | 
of inorganic precipitate filtered off. To the filtrate were added 2 volumes 
of alcohol. The precipitate was centrifuged off and reprecipitated twice 
from small volumes of water by addition of aleohol. There were obtained 
116 mg. of a white powder which was shown by analysis to be barium | 
glycerophosphate. For the determination of glycerol the apparatus of 


Elek (19) was employed. 








| 


Analysis—C;H;0.PBa 
Calculated. P 10.09, Ba 44.7, glycerol 30.0 | 
Found. * ~~" Bas, ” 28.1 


The 1-R-100 resin was eluted with 4 per cent hydrochloric acid and the | 


eluate evaporated to dryness in vacuo. The residue was dissolved in | 


absolute alcohol and treated with a small excess of an alcoholic solution 
of chloroplatinic acid. There were obtained 221 mg. of the orange-colored 
choline chloroplatinate which gave the characteristic odor of trimethyla- 
mine on ignition. For analysis the salt was recrystallized from dilute 
alcohol. 

Analysis—(C;Hiy,NOCI)2PtCl,. Calculated, Pt 31.7; found, 30.8 


SUMMARY 


1. The extraction and partial fractionation of the lipids of transplanted 
rat tumors initiated by Cysticercus fasciolaris have been described. 
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2. The acetone-soluble fat has been examined. It contains ordinary 


glycerides, a large amount of free fatty acids, and 28.8 per cent of un- 
saponifiable material, chiefly cholesterol. 


3. The fatty acid distribution has been determined by salt fractionation 


and fractional distillation of the methyl esters. It is characterized by a 
high content of linoleic acid and unsaturated acids of the Coo and Cx 


series. 
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In 1877 Pasteur (1) reported that animals injected with an inoculum 
containing a mixture of Bacillus anthracis and certain other common bacilli 
failed to develop anthrax. 10 years later, in 1887, Emmerich (2) during a 
demonstration before his class accidentally discovered that a guinea pig 
which had been previously injected with a culture of Streptococcus ery- 
sipelatis did not develop cholera when inoculated with Vibrio cholerae. He 
immediately recognized the significance of this discovery and proceeded to 
prevent anthrax in experimental animals by administering cultures of 
Streptococcus erysipelatis prior to the injection of a B. anthracis culture. 
2 years later Bouchard (3) observed that the injection of small quantities of 
cultures of Pseudomonas aeruginosa (Bacillus pyocyaneus) prevented the 
development of anthrax in rabbits which had been previously injected with 
a virulent culture of B. anthracis. Woodhead and Wood in 1889 (4) carried 
the work a step farther by showing that sterilized cultures of Ps. aeruginosa 
had the same effect. During the same period in vitro studies by Charrin 
and Guignard (5) and Blagovestchensky (6) demonstrated that Ps. 
aeruginosa, or the filtrates from cultures of this organism, would destroy B. 
anthracis. Furthermore, von Freudenreich (7) showed that filtrates from 
4 to 6 week-old cultures of Ps. aeruginosa would not support the growth of 
several pathogenic microorganisms. Emmerich and Léw (8) used a cell- 
free culture fluid of Ps. aeruginosa, which had been concentrated to one- 
tenth of its original volume, to prevent the development of anthrax in rab- 


*The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and St. Louis University. 
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bits which had been inoculated with B. anthracis. In vitro this produget 
destroyed Corynebacterium diphtheriae, staphylococci, streptococci, pney. 
mococci, gonococci, Vibrio cholerae, and Shigella paradysenteriae. Owing 
to certain enzymatic activities of this product Emmerich named it pyo 
eyanase. Although these early observations led to the commercial produce. 
tion of the product, pyocyanase, which was extensively used in the therapy 
of diphtheria, grippe, and meningitis, its use gradually fell into disrepute, 
probably because the concerns engaged in its manufacture failed to supply 
a potent product. 

During the course of the next few years there was considerable con- 
troversy over the nature of pyocyanase. Although Emmerich had shown 
its heat stability, he was reluctant to concede that the antibiotic activity 
was not enzymatic in nature (Klimoff (9) and Dietrich (10)). Furthermore, 
he was unwilling to admit that the bactericidal effect was due to the lipids 
derived from the organism. Later several investigators, Raubitschek and | 
Russ (11), Fukuhara (12), and Ohkubo (13), not only showed that nearly 
all of the bactericidal material could be extracted from the commercial 
pyocyanase with lipid solvents but that extraction of the cells of Psew | 
domonas aeruginosa with alcohol yielded a potent preparation, a finding | 
which conforms with our observation that the antibiotic substances ob- | 
tained from the cells are readily soluble in organic solvents. Subsequent 
investigators have worked chiefly with lipid extracts. 

In 1911, Fukuhara (12) showed that exposure of the viruses of vaccinia, | 
rabies, and hen pest to the pyocyanase lipid prevented the appearance of 
the respective diseases in rabbits or chickens inoculated with the treated 
virus. 

In spite of the promising results obtained by the early workers, the clini- 
cal use of pyocyanase was more or less abandoned. Bocchia (14) found 
that an aqueous solution prepared by passing the culture fluid through a 
Berkefeld filter, a process similar to that introduced by Emmerich and pre- 
sumably used in commercial production, had only a weak therapeutic 
action, and, therefore, could not be recommended for clinical practice. This 
experience was confirmed by Wagner (15). Such a filtrate would contain 
little antibiotic potency, as most of the active material was removed with 
the cell bodies. Furthermore, in 1935, Kramer (16) showed that some 
strains of Pseudomonas aeruginosa do not produce pyocyanase and that 
actively producing strains may lose this ability. 

Following the work of Raubitschek and Russ, Ohkubo, and Fukuhara, 
several investigators studied the lipids of Pseudomonas aeruginosa. Hosoya 
(17), in 1928, obtained a crystalline product which was soluble in organi¢ 
solvents. Although some qualitative reactions were described, the only 
evidence of isolation was the crystalline character. In the form of a sus 
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pension this product killed Corynebacterium diphtheriae, Shigella parady- 
senteriae, Bacillus anthracis, Staphylococcus albus, and certain streptococci. 
Gundel and Wagner (18) concluded that the antibiotic potency of lipid 
extracts of the organism was due to their fatty acid content. Hettche (19- 
93) reported that commercial pyocyanase possessed little activity. The 
lipid which he obtained from dried Pseudomonas aeruginosa was fractionated 
and the separate fractions tested. He concluded that the bactericidal 
property was due chiefly to liquid fatty acids. Birch-Hirschfeld (24) also 
studied the production and properties of pyocyanase and obtained a crystal- 
line product which was not identified. The hemolytic activity, bactericidal 
activity, and surface tension of a solution of this product were comparable. 
Schoental (25) isolated pyocyanine (previously studied by several investiga- 
tors, see Hettche (19)), a-oxyphenazine (see Wrede and Strack (26-28)), 
and a pale yellow oil which possessed antibiotic properties. Although this 
product was studied both bacteriologically and chemically, it was not 
fractionated to obtain pure crystalline antibiotics. 

At the time Schoental’s paper directed our attention to pyocyanase it 
had been reported (a) that Pseudomonas aeruginosa produces a substance 
that destroys several kinds of bacteria and viruses; (b) that the antibiotic 
substances belong to the lipid class or at least they are soluble in lipid sol- 
vents; (c) that strains of Pseudomonas aeruginosa may not produce these 
antibiotics and that a strain may lose its capacity to produce them; (d) 
that pyocyanase had been used successfully in the treatment of certain 
bacterial diseases. In spite of all the information which had been accumu- 
lating during the last half century, the antibiotic substances had never been 
isolated and characterized chemically and bacteriologically. 


Pseudomonas aeruginosa Used in Our Work 


Two cultures of Pseudomonas aeruginosa, obtained from lesions infected 
with this organism, have been employed for the production of the Pyo! 
compounds in our investigation. One of these, P-SLU, a stock culture 
maintained in our laboratory for the past several years, produces acid with- 
out gas from glucose, but fails to attack xylose and galactose. It liquefies 
gelatin slowly and produces a chloroform-soluble, blue-green pigment. 

The use of the culture, P-SLU, was discontinued when the crude extracts 


1 Since our work clearly shows that the antibiotics of Pseudomonas aeruginosa 
are not enzymes, we are unwilling to use the old name, pyocyanase, with its conno- 
tation of enzymatic character. Due to our inability at present to give names based 
on chemical constitution, we shall call the compounds in this report Pyo I, Py II, 
Pyo III, and Pyo IV, for historical reasons ard for the purpose of correlating the 
older and later work. 
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failed to produce the usual yield of active material, although a study of the 
morphological and cultural characteristics of this organism indicated that 
the culture had not undergone any other recognizable alteration in these 
respects. 

The culture more recently employed, P-CC, was isolated from a patient 
with chronic cystitis. These organisms display one polar flagellum and 
produce acid without gas from glucose, galactose, and xylose. They are 
regarded as being actively proteolytic, since they liquefy gelatin in legs 
than 24 hours and completely digest litmus milk in less than 48 hours. A 
water-soluble, green fluorescent pigment is produced. Crude extracts of 
the cells of 5 week-old cultures show high antibacterial titers. Throughout 
this study, the stock culture has been preserved by evaporation from the 
frozen state and subcultures are obtained periodically from this source. 

A comparative study of the two cultures was made to determine the cause 
of the sudden decline in the extractable potency of culture PSSLU. These 
two cultures were apparently identical in all respects with the exception of 
pyocyanine production and the slight variation in biochemical reactions. 
It was not until a comparative study of the respective colonies was made 
that a striking difference was observed. Culture P-CC presented such a 
confusing variety of colony forms that it appeared on first inspection to be 
contaminated. Pigmentation varied from green fluorescent to white. 
Culture P-SLU was composed of a blue-green, pigmented colony and a 
larger, smooth, non-pigmented variety. 

Lartigau in 1898 (29), Hadley (30), and Kramer (16) called attention to 
the fact that Pseudomonas aeruginosa is subject to variation under condi- 
tions of laboratory cultivation. Many strains lose their ability to produce 
the chloroform-soluble, blue-green pigment. When such strains are plated 
out, it is found that all of the colonies do not produce the blue-green color, 
but some merely possess a yellowish fluorescent pigment. It appears 
fairly certain to us that this variation in pigment production alone accounts 
for much of the confusion encountered in the literature concerning the iden- 
tification and classification of this bacillus. It is also possible that, with 
the change in ability to produce pigment, there is a corresponding change 
in other characteristics as well. Therefore, a detailed examination of the 
various colony forms was undertaken in an attempt to determine these 
changes, if any, for the purpose of isolating a strain capable of producing a 
greater and consistent yield of the Pyo compounds. 

By selective colony transfers and dissociation studies (to be described in 
detail elsewhere) it was possible to separate the P-CC culture into strains. 
In this manner we have succeeded in isolating a rough non-pigmented variety 
responsible for Pyo production, and a strain responsible for pyocyanine 
production which does not produce Pyo. When a colony contains a mix- 
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ture of these two varieties, the appearance of the colony is primarily that 
of the pyocyanine-producing one, but when this mixture is separated there 
is a striking dissimilarity in colony morphology of the two constituents. 
By serological methods we have found that the colony morphology may be 
correlated also with the antigenic pattern. 

Cellular extracts of 5 week-old cultures of the pyocyanine-producing 
strain yield only negligible amounts of the Pyo compounds. From all of 
these results, it becomes possible to explain the decline in the ability of 
culture P-SLU to produce the Pyo compounds as being due to the loss of 
the potentiality for development of the round non-pigmented colony type. 

From our routine 5 week-old cultures of P-CC, two different strains of 
Pseudomonas aeruginosa have been isolated. One of these, a facultative 
anaerobe growing abundantly throughout the fluid medium, was a non-Pyo 
producer, and the second, the Pyo producer, a strict aerobe responsible for 
the heavy pellicle formation and gummy material which settles to the bot- 
tom of the carboy after shaking. Thus it is important to break up the 
pellicle formation on the surface and to aerate the medium by agitation. 


Production of Antibiotics by Pseudomonas aeruginosa 


The beef extract-peptone broth which we employ as the culture medium 
has the following composition: Bacto-peptone (Difco) 10 gm., beef extract 
(Difeo) 3 gm., sodium chloride (analytical reagent) 5 gm., distilled water to 
make 1000 ml. It is supplemented with glycerol to give a concentration 
of 1 per cent, as suggested by Schoental (25). The medium is adjusted to 
pH 7.5 to 7.8 with n sodium hydroxide solution. The medium is then 
placed in 12 liter Pyrex bottles (10 liters of medium per bottle) which are 
plugged with gauze-wrapped, non-absorbent cotton plugs, subjected to 
flowing steam for | hour, and then autoclaved at 15 pounds steam pressure 
for 1 hour. After sterilization, the pH of this medium is approximately 
7.5. 

The inoculum is prepared by transferring the organism to a flask con- 
taining 100 to 150 ml. of peptone-water medium which is then incubated at 
37° for 24 hours and 5 to 10 ml. of this culture are pipetted into each bottle. 

The bottles are incubated in the dark in an upright position at 37° for a 
period of 5 weeks. At 7 to 10 day intervals, 100 ml. of sterile glycerol are 
added to each bottle and the containers shaken periodically to break up the 
heavy pellicle and to facilitate new growth. Shorter periods of incubation 
(3 weeks) resulted in a lower yield, while longer periods (7 weeks or more) 
did not significantly increase the antibacterial activity. 

The yield of active material per liter of culture fluid is approximately the 
same whether the bottles contain 5 or 10 liters of medium, or whether in- 
cubated in a vertical or horizontal position. 
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Assays 


It was observed early in our study that these Pyo compounds apparently 
affect the metabolism of Staphylococcus aureus in such a manner that the 
production of acid is inhibited when this organism is grown on a lactose. 





containing medium to which the Pyo compounds have been added. Al. | 


though we are unable to explain this phenomenon, it was used at the 
beginning of our investigation as the basis of an assay method. In this 


method the potency of the crude and purified materials was determined | 


by the inhibition of lactose fermentation by Staph. aureus strain F. Ap 
effort was made to determine the “50 per cent acid inhibition” (determined 
by a bromocresol purple colorstandard) asanend-point. The minimal quan. 


tity of antibacterial substance which would to this extent inhibit acid pro- 
duction by the test organisms in 2 ml. of lactose-bromocresol purple broth? | 


is referred to as the ‘‘50 per cent acid inhibition” unit. However, as it was 
difficult to determine this end-point accurately, a simpler method was later 
substituted. In this later method, suitable serial dilutions of the dissolved 
sample are incorporated in 1 ml. portions of the medium and inoculations 
are then made with an equal volume of Staph. aureus F culture (diluted 
1:1000 in peptone-water). These tubes, including suitable controls, are in- 
cubated at 37° for 18 hours, and then inspected for visible evidence of bae- 
terial growth. Potency of the sample is recorded as the highest dilution of 
the substance which prevents growth under these conditions. Accordingly, 
our growth inhibition unit may be defined as the minimal amount of 
material necessary to inhibit growth completely in 1 ml. of the assay 
medium. Check assays with a standard clavacin preparation carried out 
each day gave remarkably consistent results. 

In a comparison of the two methods of assay, it was found that 1 growth 
inhibition unit is approximately equivalent to 2 of the “50 per cent acid 
inhibition” units. All assay values given in this paper are growth inhibi- 
tion units unless otherwise noted. 


Extraction of Antibiotics of Pseudomonas aeruginosa 


After an incubation period of 5 weeks, the cultures which have become 
very viscous are removed from the incubator and placed in the refrigerator 
(5-8°) where they are allowed to remain overnight. The pH is lowered to 
3.5 with dilute hydrochloric acid, which causes the viscosity to become 
nearly that of water, thus permitting the removal of the organisms by means 
of a Sharples supercentrifuge. The precipitate of the organisms is dis- 
persed in alcohol with a Waring blendor and repeatedly extracted with hot 


? An inoculum of 1 to 2 million organisms per ml. of medium was employed and 
the culture incubated at 37° for 18 hours. 
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95 per cent ethyl alcohol until the alcoholic extracts are colorless. The 
alcoholic extracts are combined and an aliquot taken for assay. 

During the early part of our work the culture fluid from which the or- 
ganisms had been removed was saturated with sodium chloride, acidified 
by adding 20 ml. of concentrated hydrochloric acid per liter, and extracted 
by stirring with one-fifth of its volume of butanol. The butanol was con- 
centrated under diminished pressure and the residue examined for antibiotic 
potency. Owing to the low potency and low yields of active material, this 
extraction was discontinued. 

However, before the butanol extraction was abandoned, some of these 
extracts were partitioned into sodium bicarbonate-soluble, carbonate-solu- 
ble, hydroxide-soluble, and neutral fractions. From the bicarbonate- 
soluble fraction, a yellow crystalline material was isolated. This substance 
sublimes at 230° and contains sulfur. Ultimate analysis and molecular 
weight determinations indicate the formula C:oHsNSO;, but because of 
the low antibiotic activity of this material and of the other fractions no 
further studies have been made. 


Fractionation of Crude Antibiotic Extracts 


The crude alcoholic extract of the organisms is filtered through an asbes- 
tos mat to remove the last traces of suspended material and is then diluted 
with distilled water to a concentration of 80 per cent alcohol and repeatedly 
extracted with low boiling petroleum ether. This extraction removes a 
large part of the neutral fats and free fatty acids which have a tendency to 
interfere with subsequent fractionation. Little antibiotic activity other 
than that due to the fatty acids themselves is removed during this 
extraction. 

The 80 per cent alcohol solution is evaporated at room temperature and 
the aqueous residue is extracted exhaustively with ether. The material 
in this ether solution is then partitioned into four fractions as outlined in 
Diagram 1. 

Table I illustrates the division of the total antibacterial activity in a 
typical crude extract. 

The purification of these extracts did not appear to be promising when it 
was discovered that the sum of the antibiotic activities of the fractions was 
much less than the total activity of the unfractionated extract. Since our 
experience indicated a remarkable stability of the crude extracts, it seemed 
unlikely that this loss of potency was real. In an attempt to find the ex- 
planation for this behavior, it was observed that combinations of certain 
fractions were more potent than the sum of the potencies of the individual 
fractions. Table II gives some examples of such augmentation and shows 
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that recombination of the fractions of Table I in the same proportions gy! 
they occur in the crude extract accounts for all of the original potency, | 

Pure, crystalline, active substances have been isolated from th | 
carbonate-soluble and the neutral fractions. These substances have beg) | 
designated Pyo I, Pyo II, Pyo III, and Pyo IV, in the order of their isoh| 
tion. Pyo II is obtained from the carbonate-soluble fraction and Pyo |) 
Pyo III, and Pyo [V are obtained from the neutral fraction. 


DIAGRAM 1 


Crude extract in ether solution | 
Extracted 5 times with 0.1 volume | 
aqueous 5% NaHCO; 




















gu afbe = 
| | 
NaHCO; solution Ether solution : 
_Neutralized with Extracted 5 times | 
HCl and exhaus- | with 0.1 volume 
tively extracted aqueous 5% 
| with ether | Na.CoO; 
— Seen la 
| | 
Ether solution. Aqueous Na-CO; solution Ether solution 
Bicarbonate- solution 
soluble frac- Discarded ; 
tion | Neutralized with Extracted 5 
Large amount HCl and exhaus- times with 
solid of low tively extracted 0.1 volume 
antibiotic with ether Nn NaOH 
potency 
qubagi J ee Se — 
| 
Ether solution. Aqueous NaOH solution Ether solution. 
Carbonate-sol- solution Neutealiced Neutral frac: | 
uble fraction Discarded br : tion 
+8 « with HCl and 
Solids usually have vehamativahy 
otency of 300 or paver seat ‘aaa 
ae units per extracted 
me I with ether 
4 “oar one 
Ether solution. Aqueous solution 
NaQOH-soluble Discarded 


fraction 


In one experiment in which the bicarbonate-, carbonate-, and sodium 
hydroxide-soluble fractions were pooled and decolorized with charcoal, a 
white crystalline material was obtained. This substance melted? at 187° 
and did not contain nitrogen. Because of its low antibiotic activity and 
because subsequent batches of crude extracts did not yield this material, 
it has not been further investigated. 

Bicarbonate-Soluble Fraction—From the bicarbonate-soluble fraction 4 


? The Fisher-Johns apparatus was used to determine all melting points reported 
in this paper. 
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yellow crystalline material which sublimes at 220° has been isolated. It 
has a characteristic ultraviolet absorption spectrum and its ultimate analy- 
sis and molecular weight fit the formula CyH;oN:O.. Because of its very 
low antibiotic activity this compound has not been investigated further. 
Carbonate-Soluble Fraction; Isolation of Pyo II—The carbonate-soluble 
fraction is dissolved in benzene and passed through a column (10 X 1 cm.) 
of dried oxalic acid. The activity remains on the column, whereas most of 
the solids and brown color are not retained. After thorough washing with 
benzene, the oxalic acid and adsorbed material are dissolved in a saturated 
solution of potassium bicarbonate and ether. The ether is then extracted 


TABLE [| 
Partition of Typical Crude Extract 





Per cent | Total growth 





Fraction Nature of material Weight of total | Activity | inhibition units 
weight | in fraction 

* lied -" [nw ae 

- inhibition 

_ unis per 

mg. 

\ Bicarbonate-soluble 55.41 43.2 160 8,800,000 
B Carbonate-soluble 7.78 6.1 2560 | 19,900,000 
Cc NaOH-soluble 2.06 1.6 | 2560 | 5,300,000 
D Neutral 21.08 16.4 1280 27 ,000 ,000 
E Petroleum ether-soluble 41.82 | 32.6 | 40 | 1,700,000 
Total .. . 128.15 | 99.9 | | 62,700,000 





The crude extract which was one of our best preparations contained 128.15 gm. 
of solids having a total potency of approximately 186,000,000 growth inhibition units; 
it was obtained from the organisms of 1250 liters of culture media. Approximately 
97 gm. (Fractions A and E) did not contain the specific antibiotics of Pseudomonas 
aeruginosa and were discarded. 390 mg. of pure Pyo II were obtained from Fraction 
B. Although Fraction D has not been processed, other preparations of similar char- 
acter have given 50 to 100 mg. of pure Pyo III, and 250 to 400 mg. of a mixture of 
Pyo Ib and Pyo Ic per gm. of solids. 


four times with saturated potassium bicarbonate to remove the last traces 
of oxalic acid. The active material is then removed from the ether by six 
extractions with 5 per cent sodium carbonate and again transferred to ether 
by extraction of the aqueous phase after acidification to pH 4 to 5 with 
hydrochloric acid. After being washed with water, the ether is distilled and 
the residue containing the active material is crystallized from benzene. 
The crystals are dissolved in alcohol, decolorized with charcoal, and 
recrystallized from acetone, methanol, and finally from a small amount of 
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ethyl alcohol. This procedure yields a small amount of slightly yellow 


colored scales which melt at 149°. 

While the above procedure gives the best results, crystalline Pyo IT may 
also be obtained by the following method: The carbonate-soluble fraction is 
dissolved in the minimal amount of alcohol and poured into 10 volumes ofy 
sodium hydroxide. This alkaline solution is chilled and the soaps (largely 
sodium palmitate) are removed by filtration. This material is rm. 
precipitated by dissolving in warm Nn sodium hydroxide and repeating the 




















Tasie II 
Augmentation Studies of Fractions Shown in Table I 
— | way — by Weastion tae A Growth inhibition units per mg. 
No. _|carbonate- nate- |hydroxide- neutral | &™ ether- ; . 
| soluble soluble soluble | | soluble | By assay By calculation 
img. per aal..jong. per ml. mg. per ml. mg. per ml.\mg. per ml. 
mere | >160, <320 | 
3 | 1 1.0 | >2560, <5120 | 
3 1.0 >2560, <5120 | 
4 1.0 > 1280, <2560 | 
5 | | 1.0 >40, <80) 
6 | 0.88 | 0.12 | | >320, <640| >448, <806 
7 | 0.96 | | 0.04 | >320, <640| >256, <5I2 
671° 6.7.1 0.28 >1280, <2560| >473, <946 
9 0.56 | | 0.44 >40, <80| >107, <2I4 
10 | | 0.80 | 0.20 >2560, <5120 | >2560, <5120 
1 | 0.28 | | 0.72 >2560, <5120 | >1638, <3276 
| 0.16 | 0.84 >320, <640| >443, <886 
13 | | 0.10 | 0.90 >2560, <5120 | >1408, <2816 
4 | | 0.04 0.96 >40, <80| >140, <280 
5 | 0.34 | 0.66 | >160, <320| >461, <922 
16 | 0.44 | 0.06 | 0.02 | 0.16 | 0.32 | >1280, <2560! >492, <984 
17 Tube 16, 1:3 >1920, <3840| >492, <984 
18 “  16,1:5 > 1600, <3200| >492, <964 





From Tubes 16, 17, and 18, the activity of a mixture of Fractions A, B, C, D, and 
E (mixed in proportion to their occurrence in the original extract) is seen to be about 
1920 growth inhibition units per mg. From this value the total activity of the 
crude extract can be calculated to be 246,000,000 units. 


chilling process. The combined sodium hydroxide filtrates are treated 
with a slight excess of barium hydroxide and the last traces of fatty acids 
removed by filtering off their barium soaps. The alkaline filtrate is then 
acidified with hydrochloric acid to pH 4 to 5 and the active material is 
recovered by ether extraction. The crystalline product is then obtained 
in the manner described above. Although Pyo II was isolated in this man- 
ner over 2 years ago, this method has been abandoned in favor of the shorter 
and more efficient procedure. 
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Sodium Hydroxide-Soluble Fraction—From this fraction an additional 
amount of Pyo II may be obtained. The balance of the solids appears 
spectroscopically to consist of a mixture of compounds similar to that found 
in the neutral fraction. Repartition of this fraction results in only a small 
amount of solid remaining in the sodium hydroxide-soluble fraction. 

Neutral Fraction; Preparation and Purification of Pyo 1, Pyo III, and Pyé 
1V—The neutral fraction, which is obtained as a brown oily residue, is 
dissolved in chloroform and poured on a column (20 X 5 cm.) of permutit 
which has been washed previously with chloroform. The column is washed 
with chloroform and appropriate fractions are collected. The first two or 
three fractions contain a brown oil which accounts for 25 to 50 per cent of 
the weight of the neutral fraction but continued washing removed only 
small additional amounts of material. The release of the adsorbed material 
is then accelerated by the addition of small amounts of absolute ethyl alco- 
hol to the chloroform. Successive fractions thus obtained from the column 
are studied spectroscopically* to ascertain the homogeneity of the eluted 
material. It was found that three characteristic absorption curves, later 
associated with the purified preparations of Pyo I, Pyo III, and Pyo IV, 
could be distinguished in the absorption curves of such fractions. By 
determination of the E}%,, values of these fractions at the points of 
maximal absorption of pure Pyo I, Pyo III, and Pyo IV, the percentage of 
each can be approximated. (Fig. 1 shows the ultraviolet absorption spectra 
of successive fractions obtained from a typical column.) By this means it 
was found that first Pyo IV, then Pyo III, and finally Pyo I are eluted, 
while the pyocyanine remains on the permutit and can be removed only by 
washing with ethyl alcohol. An example of the purification with a permutit 
column is given in Table III. 

Preparation of Pyo IV—As mentioned above, Pyo IV occurs in the first 
few fractions from the permutit column; it is contaminated with a large 
amount of reddish oil. The separation from this oily material is effected 
by adsorbing the mixture on a permutit column and fractional elution with 
low boiling petroleum ether containing a small proportion of ethanol. The 
red, oily components pass through the permutit rapidly, while the Pyo IV is 
removed more slowly. Alumina columns may be used in the same manner 
to effect this separation. The solid fractions shown spectroscopically to 
contain Pyo IV are pooled and crystallized first from a 1:1 mixture of 
methanol and low boiling petroleum ether, then from acetone, and finally 
from ethanol. Pyo IV is a colorless, crystalline (needles) substance which 
appears to have two allotropic forms; one melts at 131-132° and the other 
at 140°. 


*A Beckman quartz spectrophotometer was used in the spectroscopic work re- 
ported in this paper. 








Tas_e III 
Partition of Neutral Fractions by Means of Permutii Column 


A crude neutral fraction which weighed 10.48 gm. was dissolved in chloroform and 
poured on a column (20 X 5 cm.) of permutit which had been washed previously with 


: 
. 




















chloroform. 
Frac- |Volume : Weight of : 
— ie Dm Solvent used Renatlion Per cent Pyo III in Pyo I 
mi me. 
1 | 1000 | Chloroform | 2436* 
2 | 500| ee | 106.7* 
3 | 500 | 0.5% ethyl alcohol in CHCl, ae 12 
4 | 200/;05% “ “ “0 r 70.7 | 15 
5 | 200 05% * a - = 736 30 
6 | 20/05% “ lace 876 | 35 
i hh ney. eee 768 15 
8 | 200/05% “ co 6 ee ee i. 4 12 
9 | 200/05% “ Sg lt ghee, « 12 
10 | 200/05% “ wm e | 232 | 12 
11 200 | 05% “  - se 252 12 
12 | 20/05% “ ts aaa? 10 
13 | 20/05% “ oie ee | 24 10 
MS GE OMG ls ore 320, 10 
15 | 20/05% “ Ray 3% és 389 6 
16 | 200/05% “ Ey MRP. 140 5 
17 | 200/05% “* Gn 4 _ 414 5 
18 | 200;05% “ ss a“ 303 5 
19 | 200/05% * ma ® o 157 5 
20 | 20/05% “ . s ee 140 3 
21 200 | 0.5% “ oe « e 80.2 2 
22 | 20/05% « eo 4 “ 67.9 2 
23 200' 05% “ co 4 « 51.2 
24 200/ 0.5% “ ai es 47.0 
25 200! 0.5% oc 8 as 76.8 2 
26 200 | 0.5% oc 4 a 63.9 
27 | 200/1/05% “ a zt 59.6 
28 200 | 1% ethyl alcohol in CHCI, 53.6 | Trace 
29 200/ 1% “ . se 36.2 
30 200} 1% * a a “s | 46.7 
31 200;1% ‘* ie = m 42.4 | Trace 
32 400;1% “ am oe a | 47.1 
33 | 40;1% ‘ oo 4% - | 38.1 | Crude Pyo I, no Pyo Ill 
34 | 400/2% oe ‘ es 17.3 | 
a 35 | 200/2% “ < « ae | 11.6 | 
| 36 | 200 | 2% By asthe | 13.3 | 
| 37 200 2% “ec “cc “ “ | 8 7 | 
| 38 | 400/5% “ ou “ 18.1f 
Pt 39 | 200| 95% “ ee | 36.5t 
q | 40 | 400 | 95% “ a 67 .6t 
. * Brown oil. 
. t Purple color. 
| 736 
ty 
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Preparation of Pyo II]—Fractions containing about 15 per cent Pyo III 
(such as Fractions 4, 7, and 8 in Table III) were combined and passed 
through another column of permutit. The data are given in Table IV. 

The fractionation of the 1.23 gm. of material that contained 15 per cent 
Pyo III described in Table IV yielded 424 mg. (Fractions e to 1) which con- 
tained 55 to 60 per cent Pyo III and 602 mg. (Fractions n to r) which con- 
tained 10 per cent or less Pyo III. Judging by the ultraviolet absorption 
spectra, the main component of Fractionsn toris Pyol. (For purification 
see a subsequent section. ) 














Fig. 1. Ultraviolet absorption spectra of successive fractions obtained from a 
permutit column. The curve number is the fraction number. 


Fractions from the columns containing 25 or more per cent of Pyo III 
(such as combined Fractions 5 and 6 from Table III) yielded Pyo III after 
repeated crystallization from mixtures of ethanol and acetone, methanol, 
benzene, and 50 per cent ethanol. After decolorization with norit A and 
crystallization from methanol, the final, colorless, crystalline (rectangular 
prisms) product melts at 152.8-153.5°. 

Preparation of Pyo Ib and Pyo Ic—Although Pyo I was obtained in 
crystalline form over 24 years ago, there was considerable uncertainty 
regarding its purity. Usually this material was obtained as beautiful 
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colorless cystals having a melting point of 129-130°. Repeated crystalliza. | 
tions of this product from a number of solvents did not raise the melting 
point. However, by adsorption of this material on a long (180 X 2.5 em.) 
column of permutit and fractional elution with petroleum ether containing 
a small proportion of absolute ethyl alcohol, some material was recovered 
which melted at a higher temperature. If the higher melting fractions were 
combined and again passed, in the same manner, through a permutit | 


Taste IV 
Concentration of Pyo III by Means of Permutit Column ; 


1.23 gm. containing about 15 per cent Pyo III in Pyo I were dissolved in chloro. 
form and poured on a column (20 X 5cm.) of permutit which had been washed with | 
chloroform. 











Fraction | Valens of Solvent used ees of | Pye tit 
yo 
mil. mg. 

a | 600 | Chloroform 10.3* | 

b 1300 | 0.25% ethyl alcohol in CHCl; |} 9.4 | 

c 500 0.25% ‘6 “s ‘sé “é 5.5* 

d | 500 | 0.25% “  ¢ F 11.7 | 4 

e | 100 |025% “ oe m 7.1 | 8 

f | 100 | 0.25% “ coe * | 16.6 | 70 

ge | 100 |0.2% « con 24.9 | 7 

h | 10 |02% “« “« « « 37.0 | 70 

i | 10 |02%% “ « « « | 53.0 

j | 100 |0sm% « « « « | 90.5 | 65 

k | 100 |0.25% « oe « | 84.0 | 

l | 100 | 0.28% * » # / 119.1 | 50 

m | 100 | 0.25% “ Rhwes | 106.8 15 

. |) ice, - «*~ | 82.1 10 

o | 100 | 0.25% simatic lien | 57.3 10 

p | 100 |028% « aii “ 46.8 10 

qa | 100 |0.25% “ _“« * 43.0 | 

r | 100 0.25% =“ ow « 116.5 7 





* Very crude. 


column, a small amount of a colorless crystalline product which melted at 
142-143° was obtained. 

In an effort to facilitate the fractionation of the material melting at 129 
130° into its component parts, the following empirical procedure was 
evolved. The Pyo I fraction, freed of Pyo III as described above, is dis- 
solved in alcohol-free diethyl ether to give a solution having a concentration 
of 1 mg. per ml. and this solution is extracted between 80 and 100 times with 
one-tenth of its volume of either N potassium hydroxide or 0.1 n hydro- 
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lliza. | 
J chloric acid. The ether solution is then shaken with n hydrochloric acid and 
a allowed to stand overnight in the refrigerator in contact with the acid. A 
me | erystalline hydrochloride which appears in both the ether and acid layers is 
wil removed by filtration. This solid is dissolved in ethy] alcohol, 100 volumes 
utit of ether added, and the solution is extracted with 5 per cent sodium bicar- 
bonate to remove the acid, then washed with water, and distilled. The 
residue, after crystallization from 50 per cent aqueous alcohol, decoloriza- 
tion in alcoholic solution with charcoal, and recrystallization from aqueous 
alcohol, yields a colorless crystalline solid which melts at 139°. This 
material, Pyo Ic, has an antibiotic activity of 1280 units per mg. Pyo Ic 
cannot be further fractionated by means of a permutit column. 
al The combined n potassium hydroxide (or 0.1 n hydrochloric acid) ex- 
lin tracts are neutralized and the precipitate extracted with ether. The ether, 
after being washed with water, is distilled and the residue is dissolved in 
sufficient alcohol-free ether to give a concentration of 1 mg. per ml. This 
solution is extracted 90 times with one-tenth of its volume of 0.1 N hydro- 
chloric acid. The material is recovered from the combined acid washings by 
extraction with ether after adjustment of the pH to 5to7. This process of 
dissolving the material in ether and extracting the ether solution with 0.1 N 
hydrochloric acid is repeated until 95 to 100 per cent of the material dis- 
solved in the ether is extracted by the acid. The product obtained from the 
final hydrochloric acid extract is decolorized in alcoholic solution with norit 
A and crystallized from acetone. This compound is designated Pyo Ib. 
An alternative method of purification of Pyo Ib which has been exten- 
sively used is fractionation by adsorption on a column (120 X 12 cm.) of 
permutit. The fraction of Pyo Ib relatively free from Pyo Ic is dissolved 
in a small volume (15 to 25 ml.) of chloroform and poured on a column of 
permutit which has been washed previously with chloroform. The Pyo Ib 
is eluted from the column with petroleum ether (b.p. 70-100°) containing 2 
per cent absolute ethyl alcohol, and as the elution progresses increasing 
~ | proportions up to 5 per cent of ethyl alcohol are added. The first fractions 
have melting points in the range 100—130° but most of the solid is recovered 
in fractions which have melting points from 140-144°. Repetition of the 
| purification by passage through the permutit may be desirable to obtain 
, pure Pyo Ib. In one case the passage was repeated several times but the 
_ product was not improved by the last passage. The fractions of highest 
melting point were combined and crystallized from 30 to 40 per cent ethyl 
alcohol and then from acetone. This compound is a colorless, crystalline 
| substance which melts at 146.2-147°. 
g Diagram 2 summarizes the separation of the neutral fraction into the 
| various Pyo compounds. 


Oro. 
with 














oo 





740 ANTIBIOTIC SUBSTANCES 





Physical and Chemical Properties of Pyo Compounds 


Pyo Ib and Ic—The physical properties of these two substances are yer 
similar. The melting points, ultimate analyses, molecular weights, anj| 


D1aGRAM 2 ' 


Crude neutral fraction 





Red oile — Dissolve in CHC]; and pour on permutit colum 
Very crude Pyo IV-————————_- 
Pass through permutit column in Start 0.25% absolute alcohg | 





low-boiling petroleum ether to ——-—_—_—— 5 
give Pyo IV ; ' 
40-50% Pyo IIL in Pyo I (mixture) 
Crystallize from acetone. 
ethy! alcohol solution 








| 


la |" bos, 
| a 0-80% Pyo III 
10-20% Pyo III in | “ Pyo t (mixture) 
Pyo I (mixture) 


Repeat ery. 


| Pass through per- | stallization 
| mutit column | 
Pure Pyoll] | 


+ 
40-50% Pyo III in Pyo I (mixture) | 





| 
| Crystallize as above, etc. 


ee —_— ——J 





10-20% Pyo III in Pyo I (mixture) 


| 
Le, Repeat column treatment, etc. 


satin ail — 





Lt 
| 3-8% Pyo IIT in Pyo I (mixture) 
} 
1% absolute alcohol in CHC],——>|——-———_ | Hydrogenate in alcohol 


¥ * 
- Pyol. Dissolve in ether 
95% ethyl aleohol————>_~ : 
| Exhaustively extract with n KOH 
Pyocvaninee——————— or 0.1 N HCl 


—_$_—_____ _ ah eee 


+ i 
n KOH or 0.1 N HCl. Neutralize; extract -—~ Ether. Ppt. as hydrochloride; decom- } 
with ether; repeat N KOH extraction pose; crystallize. Yields Pyo Ie. 


LS : 
n KOH. Neutralize and recover solids; 
crystallize or Pe through permutit 
column. Yields Pyo Ib. 


products are given in Table V. They are extremely soluble in the various 
alcohols, readily soluble in CHCl;, benzene, and dioxane, and may be 
crystallized from acetone or ether. However, it has not been possible to | 
separate a mixture of the two into its component parts by crystallization 
procedures. If pure, either of these two compounds will depress the melt- | 
ing point of the other. 


antibiotic activities of these two substances and of their hydrogenated | 
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These two compounds are characterized by their unusual stability and the 
inertness of fheir oxygen and nitrogen atoms. All attempts to prepare 
derivatives of hydroxyl, carbonyl, amide, and primary, secondary, or ter- 
tiary amines have been unsuccessful with a mixture of Pyo Ib and Pyo Ie. 
These compounds are precipitated from ether solution by oxalic acid, 
flavianic acid, and hydrochloric acid, as described above, but since these 
salts tend to decompose during purification they have not been satisfactory 
for analytical purposes. A mixture of these compounds remains unchanged 
even after standing in concentrated sulfuric acid on the boiling water bath 
overnight and can be recovered by simply diluting the acid with water, 
neutralizing with NaHCOs, and extracting the aqueous phase with ether. 
A mixture of Pyo Ib and Pyo Ic does not form a methiodide under a variety 
of conditions. Treatment of samples of Pyo Ib and Pyo Ic with sodium 
hydroxide and iodine yields new compounds having antibiotic activities of 
1280 and 10,000 units per mg., respectively. The determination of the 
iodine number by the method of Yasuda (31) gave a value of 94 for a sample 
of PyolIc. From this value, the molecular weight of 540 can be calculated, 
assuming the addition of 2 moles of halogen. Pyo Ib and Pyo Ic do not 
hydrogenate in alcoholic solution when the Adams platinum oxide catalyst 
is used, but in glacial acetic acid, in the presence of the same catalyst, both 
compounds take up 4 moles of hydrogen per mole of material. The color- 
less product obtained by hydrogenating Pyo Ib in glacial acetic acid melts 
at 164°. Pyo Ic hydrogenated in a similar manner yields a compound which 
melts at 157°. The octahydro Pyo Ib depresses the melting point of the 
octahydro Pyo Ic. 

Pyo II—Pure Pyo II crystallizes in light yellow platelets from ethyl 
alcohol. Its ultimate analysis, molecular weight, melting point, and anti- 
biotic activity are given in Table V. This substance is sparingly soluble in 
cold acetone, benzene, and methy!] alcohol, is insoluble in petroleum ether, 
water, and 5 per cent sodium bicarbonate, but dissolves readily in aqueous 
carbonate solution. An alkaline solution of Pyo II possesses a yellow color 
which ‘isappears upon acidification. Pyo II does not give a positive test 
with fervic chloride, does not form a silver salt in alcoholic solution or a 
barium salt from aqueous alkaline solution, and all attempts to prepare a 
S-benzylthiuronium salt, or a p-nitrobenzyl ester or p-bromophenacy] ester 
were unsuccessful. The substance reacts with diazomethane in dry diethy! 
ether to yield an oil. Hydrogenation in glacial acetic acid in the presence 
of Adams’ platinum oxide catalyst results in an uptake of 4 moles of hy- 
drogen per mole of Pyo II. The hydrogenated product crystallizes as fine, 
colorless needles which melt at 109°. 

Pyo ITI—Pyo III is a colorless crystalline solid. The melting point, 
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ultimate analysis, molecular weight, and antibiotic activity of this syb. ) 


stance are listed in Table V. 


It has essentially the same solubility as Pyo | 
Ib and Pyo Ie, being in general less soluble than the latter, particularly in 
































dioxane. 
TABLE V 
Analyses of Pyo Compounds and Their Hydrogenated Products* 
Theory Found i 
Compound Formula = eras ara ) _+-|Activity| M.p. 
| « a |w |MeLl c | a | Nigt | 
+ yaa doce Wi Obstet ooh a 
| per | per | per | per | per -~¥ °c 
cent | cent cent cent | cent | cent enits 
~~ | 
Pyo Ib CuHgoN,0, 78.77 8. 53/5. 93/472. 6/78. 55) 8.6 5. 7 |440 ia: 2-147 
| 78.8 | 8.7 | | 
“ Tet CuHisN 0, '79 02 9.3615.42/516.7/79.4 9. 41/5. 35/486 1, 280/138.8-139) 
| | | | _|79.42) 9.48)5.3 | 
“ | CudHasNxO, |74.69) 8. 48)5. 12/546.7/74.60) 8.52/5.2 [546/10,000/149 -1495 
A yafbyeodl (74.49) 8.93)5.1 | 
° Be | CuHtaN2O2 [79.64 8.65)5.46/512.7)7 54) 8.8 [5.5 |502} 300)152. 8-153 
~ Ee CysH»NO; (69.28 8. 36)5.05277 . 4/69. 45) 8.65)/5. 05/280 120)131 - 2 
| | 69.58] 8.65}  |285) 120/139. 5-140 
Tetrahydro Pyo| CxHasN.0: {79.02 9. 36/5.421516.7/79. 28 9.24/5.36|518] 1, 280/138. 8-130.2| 
IIIt 
Octahydro neki CaHasN20, |77.45'10.07|5.83/480.7/77. 53/10.00/5. 42/518 40/163 . 8-164 
Ib = | | 
| PL ogi a 
ov | 
Octahydro Pyo | CuHsN:0, |73.60 9.81|5.05)554.8/73.46| 9.90/5.1 |535) 640/109 -109.2 
II | ag 
| | | 
Dodecahydro CuHseN20-2 77.81/10. 76/5. 34|524.8)77. 80 10.4115.6 |542 40) 156. 8-157 
Pyo IIT§ | | 
Pyo IV diben- (73.75) 7.02 2. 87/488. 6/74. 6, 97/2. 70/487 101. 9-102 
i | | | 


zoate 


| CoHuNOs 


11) 











| 


* Considerable difficulty was encountered in the purification of the Pyo compounds ant | 
especially in their analyses. 
best, it is recognized that the true formulas may differ by as much as a methylene group. 

ft Rast method. Tribromophenol was used as solvent. 


t Identical spectra and antibiotic activity. 


Although the empirical formulas listed fit our analytical dats 


No depression of mixed melting points. 


§ Identical spectra and antibiotic activity. No depression of mixed melting points. 


Although our evidence indicates that Pyo III is somewhat less stable than 
Pyo Ic, all attempts to prepare an acetate, oxime, and a semicarbazone have 


failed. 


Determination of the iodine number by the method of Yasuda (31) 


gives an average value of 146, indicating a molecular weight of 522, as- 
suming that 3 moles of halogen are added per mole. 


Pyo III takes up 2 
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moles of hydrogen per mole when it is hydrogenated in ethy] alcohol in the 
presence of Adams’ platinum oxide catalyst and in glacial acetic acid 6 
moles are added. The tetrahydro Pyo III melts at 139° and the melting 
point is not depressed by Pyo Ic but is by Pyo Ib. The tetrahydro Pyo 
III is identical with Pyo Ic as regards analysis and ultraviolet absorption 
spectrum, and both have an antibiotic activity of 1280 units per mg. The 
dodecahydro Pyo III melts at 157° and is identical with octahydro Pyo Ic 
with respect to melting point (no depression when mixed), ultimate 
analysis, and antibiotic activity. These data are shown in Table V. 

Because of the difficulty of removing the last traces of Pyo III from Pyo 
I, we have recently utilized the conversion of Pyo III to Pyo Ice by hydro- 
genation to obtain Pyo I preparations free of Pyo III. The crude Pyo I 
fraction is hydrogenated in alcoholic solution at 45 pounds pressure with 
Adams’ platinum oxide catalyst and then the Pyo III-free material is 
separated into Pyo Ib and Pyo Ic as previously described. 

Pyo IV—Pure Pyo IV crystallizes in the form of colorless needles. Its 
melting point, composition, molecular weight, and antibiotic activity are 
listed in Table V. 

Since Pyo IV took up no halogen under the conditions of Yasuda’s (31) 
method for the determination of iodine numbers, hydrogenation of this 
compound in alcohol was not attempted. However, in glacial acetic acid 
solution and in the presence of Adams’ platinum oxide catalyst Pyo IV adds 
2 moles of hydrogen per mole. It forms a dibenzoate which melts at 102° 
(see Table V for the analyses and molecular weights). Pyo IV also forms a 
2,4-dinitrophenylhydrazone on treatment of an alcoholic solution with 
Brady’s reagent (32). 


Ultraviolet Absorption Spectra 


Pyo Ib and Pyo Ic—Fig. 2 shows the ultraviolet absorption spectra of 
these compounds. Fig. 3 shows the curves of octahydro Pyo Ib and oc- 
tahydro Pyo Ic. 

If Pyo Ib is dissolved in 0.016 N alcoholic potassium hydroxide, the 2360 
A maximum is shifted to 2430 A with a decrease in E}%, value (to 1025) 
and the 3160 and 3280 A maxima merge into a single peak at 3150 A (E}%,, 
350). Dissolving Pyo Ib in 0.01 Nn alcoholic hydrochloric acid causes the 
2360 A peak to shift to 2320 A and the E\%,, value to increase to 1760, 
while the maxima at 3160 and 3280 A merge into a single peak at 3000 A 
(E\%, 280). 

If Pyo Ic is dissolved in 0.016 N alcoholic potassium hydroxide, there is 
a change in its ultraviolet absorption spectrum. A new maximum at 2420 
A (EY&,. 976) replaces the 2360 A maximum of Pyo Ic, and at the same 
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Fig. 2 


Fie. 2. Curve Ib, Pyo Ib, a A (Ei% em, 1225), 3160 A (EI%,. 505), and | 


3280 A (E}%,, 470); minima 2600 A (Z1%, 65) and 3220 A (£}%, 415). Curve Ie, 


Pyo Ic, maxima 2360 A (E}%, 1050), ~y A (E'%, 431), and 3280 A (B1%,, 415); | 


lem. 


minima 2600 A (E}%,,, 53) and 3220 A (£1%,, 383). Curve II, Pyo II, maxima 2420 A 
(Bi Gm, 873) and 3300 A (Bie. 369); minimum 2860 A (£}, ig Curve III, Pyo 
UL, maxima 2580 A (E}%qp_ 1460), 2660 A (E}%q, 1376), 3070 A (E}'%qq, 340), and 3380 
(£}%,, 434); minima 2630 A (Z}%,, 1350), 2800 A (£1%,, 172), and 3150 A (E}”%,, 304). 
Curve IV, Pyo IV, maxima 2320 A (£}%,, 1480), 2580 A (Erm. 183), and 3400 A 
(E}2,, 103); minima 2500 A (E}%, 174) and 2900 A (E}%,, 35). Ethyl alcohol 
(95 per cent) was used as the solvent i in each case. 

Fic. 3. Curve I, octahydro Pyo Ib, maximum 2640 A (Ei% cm, 580); minimum 
2320 A (E}%,, 185). Curve II, octahydro Pyo II, maximum 2630 A (E}%, 415); 
minimum 2360 A (EI% 85). Curve III, dodecahydro riod III and octahydro Pyo 
Ic, maximum 2640 A (Eye. 580); minimum 2320 A (Ei... 100). Ethyl alcohol 
(95 per cent) was used as the solvent in each case. 


time the maxima at 3160 and 3280 A merge into one maximum at 3150 A 
(E{%,. 326). The absorption spectrum of a 0.01 ~ alcoholic hydrochloric 
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acid solution of Pyo Ic behaves in a manner similar to that of Pyo Ib with 
maxima at 2320 A (Ei 2,. 1880) and 3000 A (£}%, 316) replacing those 
at 2360, 3160, and 3280 A. 

Pyo II—Fig. 2 shows the ultraviolet absorption spectrum of this com- 
pound. Fig.3 gives the curve for the octahydro Pyo II. 

Pyo III—Fig. 2 shows the ultraviolet absorption spectrum for this sub- 
stance. Pyo III dissolved in hexane has an absorption spectrum somewhat 
different from that in alcohol in that it exhibits maxima at 2580 and 3380 A 
only (E}%,. 1175 and 340, respectively) and minima at 2430 and 2840 A 
(Ei, 985 and 140, respectively) with shoulders at 2500, 2660, and 3100 
A. If Pyo III is dissolved in 0.016 Nn alcoholic potassium hydroxide, the 
maxima at 2580 and 2660 A merge into a single peak at 2600 A with an in- 
creased E}”, value (2170) and the two peaks at 3070 and 3380 A likewise 
become a single peak at 3240 A (E12, 550). Acidification of the alkaline 
solution after it has stood overnight fails to restore the original absorption 
curve. The absorption spectrum of a solution of Pyo III in alcohol con- 
taining 0.01 mole of hydrochloric acid per liter shows a general decrease in 
the E1%, values but the shape of the curve remains the same. Pyo III 
in alcohol solution (10 y per ml.) exhibits changes in its absorption of ultra- 
violet light after the solution has stood from 30 to 60 days at room tempera- 
ture either in the daylight or in the dark. The cause of this change has not 
been investigated. The ultraviolet absorption curve of tetrahydro PyoIII 
is identical with that of Pyo Ie (see Fig. 2). The dodecahydro Pyo III 
in alcoholic solution has an absorption curve which exhibits a maximum at 
2640 A (E12, 580) and a minimum at 2320 A (E}%, 100). Fig. 3 shows 
this curve which is identical with the ultraviolet absorption curve of oc- 
tahydro Pyo Ie. 

Pyo IV—In alcoholic solution, Pyo IV has the ultraviolet absorption 
curve shown in Fig. 2. If Pyo IV is dissolved in 0.016 Nn alcoholic potassium 
hydroxide, its maxima are shifted at 2440 A (E12, 1270) and 2740 A 
(E{%,. 240); 0.01 n alcoholic hydrochloric acid has no effect. upon the ultra- 
violet absorption spectrum of this compound. 

The hydrogenation studies and ultraviolet absorption spectra show that 
Pyo Ib, Pyo Ic, Pyo II, and Pyo III are related structurally. This is also 
indicated by the stability of the compounds with respect to the inertness of 
the nitrogen and oxygen atoms present in the common nucleus. 


Bacteriological Properties 
The cultural studies which have been undertaken have dealt for the most 


part with crude alcoholic extracts but in some experiments a crystalline 
compound (Pyo IT) has been employed. This crystalline product contains 
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from 10,000 to 20,000 units per mg. and is, therefore, active in a dilution of | 

1:10 to 20 million. 
The activities of a crude extract and of the crystalline product have bee, 

studied in relation to several types of bacteria. The liquid medium em. 


TasLe VI 
Antibacterial Activity of Crude Pyo Preparation and of Pure Pyo II against Variow 
Gram-Positive and Gram-Negative Organisms 
The preparation was diluted serially in 1 ml. of lactose-bromocresol purple broth 
and the following organisms (4,000,000) added in 1 ml. of the same broth. The anti. 
bacterial activity is given as the number of units of the preparation required to in. 
hibit the organisms over a period of 18 hours at 37°. 








No. of “50 per cent acid 
inhibition” units 





Organisms tested = 








| 





| =. & Pyo Il 

Gram-positive | Staphylococcus aureus F l 1.0 
| : “ue Laldighte a? 

| ? “y (Wood 46) 0.125 4.0 
| Streptococcus hemolyticus 10-8* | 2.0 64 

| Corynebacterium diphtheriae 19 | 0.125 | 4.0 

" hoffmannii* 1.0 
“ rerose | 0.125 256 
Streptococcus viridans* 32 256 
| Bacillus anthracis 1.0 8 

“ lll 1.0 

os subtilis 0.5 4 

Diplococcus pneumoniae Goodner 1* 4.0 64.0 
Gram-negative | Neisseria catarrhalis m 8.0 256 
Brucella suis* 32.0 128 
“ abortus 16.0 64 
ce ce 7 256 
re suis 16.0 128 
| “ melilensis* 32 256 
| Eberthella typhosa 901-0 16.0 256 
| Salmonella enteriditis 52 16.0 256 
Proteus vulgaris 10 | 16.0 256 
Escherichia coli 1 16.0 256 
Serratia marcescens 16.0 256 
Yeast 16 256 











* Diluted in the presence of 1 per cent serum. 


ployed in these tests was that used in the original routine acid inhibition 
assay procedure. In certain instances, this medium was supplemented 
with 1 per cent horse serum to support the growth of the test organism. 
Table VI compares the degree of activity observed with different test or- 
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ganisms. These results indicate that the active substances produced by 
Pseudomonas aeruginosa are highly active against the Gram-positive and 
only slightly active against Gram-negative bacteria. 

Experiments in which a crude extract was tested against a susceptible 
Gram-positive organism (Staphylococcus aureus) indicate that bactericidal 
activity in higher concentrations and bacteriostatic effects in lower con- 
centrations are displayed. Table VII gives a typical protocol in which 
the number of viable bacteria in each tube of a routine assay was deter- 
mined at intervals subsequent to inoculation. The results indicate that 
in an effective dilution (e.g., 1:80) there is an initial decrease in the number 


of organisms during the first 2 hours. Following this decrease, the number 


TaBLe VII 
Mode of Action of Crude Pyo Extract* 


Dilution 
Control 


Tae | —§£ ——_______—__ , 
160 320 640 


Viable bacteria per ml. 


15 min./605, 000} 1 , 500, 000/980, 0001, 105,000/1, 125,000} 1,275,000} 871,000, ‘1, 108,000 
2hrs. | 1,340) 295,000/563,000} 836 ,000'3,820,000, 5, 750,000) 14,200,000} 22,600,000 
4 “ | 1,650)  15,750/505,000)1,000,000/5,780,000| 8,080,000) 21,250, 000|2, 450,000,000 























g « 450! 18, 300/429, 000)1 096 ,000'5, 860, 000/710, 000, 000/381 , 500, 000 
| 2 RUAN RARRGRES eRe MA 
Acid production in lactose broth 
Shrs.| — ~ - | - - | = | - +++ 
Sie | - | - ) oops | +++ | ++++ 





* 1,170,000 organisms (Staphylococcus aureus) per ml. were used as the inoculum. A 
partially purified extract of mixed antibiotics from Pseudomonas aeruginosa was used for 


these experiments. 


remains more or less constant for the duration of the experiment. In 


dilutions above the effective range there is a slow increase in the number 
of organisms which however never approaches the control during the 
first 8 hours. Visible growth (7.e., 1 million or more cells per ml.) does 
not appear in the lower dilutions even after 3 days. The effect upon 
acid production under these conditions is also shown in Table VII. 

While the mode of action of these substances is not known, experiments 
on semisynthetic and completely synthetic media indicate that the carbo- 
hydrate, peptone, and other complex nitrogenous components of the lactose- 
bromocresol purple broth do not alter the activity of these compounds. 
Added p-aminobenzoic acid and nicotinic acid amide are also without effect, 
while riboflavin appears to enhance the antibiotic activity to a slight extent. 
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Serum reduces but does not eliminate the effectiveness of the extracts an 
of the crystalline Pyo II. Furthermore, the extracts appear to be equally 
active against Staphylococcus aureus under anaerobic and aerobic conditions 
but are on the other hand only slightly active against the obligatory 
anaerobes. 

The activities of Pyo Ic, Pyo II, and crystalline sodium penicillin G wer 
compared against several test organisms by the serial dilution method 
Table VIII summarizes these studies. 


Tasie VIII 
Antibacterial Action of Penicillin (Na Salt) and Crystalline Pyo Preparations 


Dilution in which visible growth is inhibited. The concentration of crystalline | 


materials equals 1.0 mg. per ml. 











Organism | Pyo Ic | Pyo Il Penicillin Na 
Bacillus subtilis eds a ead aie 5 <20 | 1280 <X 
Corynebacterium xerose Tie SEE 320 | 320 | 20, 480 
Staphylococcus aureus ¥ i Absicwewwes 320 | 2560 | 40, 960 
Escherichia coli. . Pacoad | <0 | <@ <X | 
Streptococcus hemolyticus*....................220055 40) 80 | >163,80 
Bacillus anthracis Fa OR ar | 1280 >81,920 
Neisseria catarrhalis m (Ger OGG> Fane's | 600 5,120 
Corynebacterium diphtheriae 300*.................... 40 >81,920 
Streptococcus viridans “‘lab’’*. . WPT CUNKRG cake 20 >81,9%0 
pT LEER ECE eee re eee eee <20 40 
Shigella paradysenteriae hadhuioil <20 | 40 
Penicillin-resistant staphylococci, No. 1. nels eden 640 5,12 
o " Pate daueese; <20 320 | 5,120 


m Serum incorporated i in assay medium. 


Toxicity Studies 


The effects of a crude neutral fraction and Pyo II were tested on protozoa. 
These preparations, which were dissolved in alcohol, precipitated upon 
dilution with the culture medium unless the concentration was kept low. 
For this reason, concentrations ranging from 0.1 to 5.0 y per ml. were used. 
At these levels no effects were observed on Paramecium caudatum, Euglena 
viridis, and Amoeba proteus. 

The toxicity of a crude neutral! fraction containing approximately 1000 
“50 per cent acid inhibition” units per mg. was tested in adult mice. No 
ill effects were observed after single subcutaneous injections of 5.5 mg. in 
benne oil or intravenous injection of 10 mg. in benne oil in four doses during 
48 hours. When a benne oil solution containing 11.5 mg. of the crude ex- 
tract was given orally in a single dose to a mouse, no observable effects were 
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noted. Likewise a total of 27.5 mg. in benne oil given orally in eleven doses 
over 7 days produced no ill effects. Finally 100 mg., dissolved in cooking 
fat (Spry), were given orally without harm to a mouse. 

A single oral dose of 25 mg. suspended in a starch-gelatin solution or a 
total of 37 mg., in the same medium, given over a period of 8 days, caused 
no ill effects. 

The intestinal contents of the mice which had received Pyo for 2 to 8 days 
were examined for protozoa. No noteworthy difference could be observed 
between experimental and control animals. 


SUMMARY 


Methods are described for the production, purification, and isolation of 
some new antibiotic substances elaborated by Pseudomonas aeruginosa. 

Analytical data, the physical and chemical properties of these pure 
crystalline materials, and some of their derivatives are presented. Evi- 
dence is presented which indicates that at least four of our substances (Pyo 
Ib, Pyo Ic, Pyo II, and Pyo III) are structurally related. 

In general, the Pyo compounds are active against Gram-positive but con- 
siderably less active against Gram-negative organisms. 

Preliminary toxicity studies indicate that these substances in the crude 
and in the pure state are non-toxic in the animal organism. 


We are indebted to the Theelin Fund administered by the Committee on 
Grants for Research of St. Louis University for financial support, to Dr. 
Robert D. Coghill for a sample of crystalline sodium salt of penicillin G and 
for a comparison of the antibiotic activities of penicillin and Pyo II by the 
Oxford method, and to Mrs. E. A. Doisy and Mr. Joseph Yglesias for their 
helpful technical assistance. 
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LETTERS TO THE EDITORS 





CRYSTALLIZATION OF MEXICAIN 


Sirs: 

In the latex from Pileus mexicanus, Castafieda-Agullé et al.' found 
a highly active proteolytic enzyme which was called mexicain and which 
has now been crystallized. 

2 volumes of water were added to 1 volume of fresh latex and the pH 
adjusted to 7.5 with 0.5 N sodium hydroxide with constant stirring. The 
mixture is placed in a refrigerator at 5° for 24 hours. The solution is then 
filtered through Hyflo Super-Cel and the pH adjusted to 5.5 with 0.05 n 
hydrochloric acid. At this pH the solution has an opalescent cast and 
after 24 hours at 5° there appears a fine precipitate of homogeneous crystals 
in the form of lanceolate plaques. 

In three successive crystallizations the same crystalline form always 
appeared. These crystals have a protein reaction and have an activity 
in digestion of proteins and milk clotting 4- to 5-fold that of dry latex in 
vacuo. 

The crystalline enzyme is very soluble and its solutions, at pH 5.8, will 
not lose their activity at room temperature and do not need activators, 
such as sodium cyanide or cysteine, for stability of enzymatic power. 

In a sample of fresh latex collected in May, 1944, and stored in a re- 
frigerator for 1 year, at 5°, identical active crystals were obtained by this 
same method, without chemical activators, but, however, with less activity 
than those obtained from latex collected more recently. 

M. CastTaNepA-AGULLO 
A. HernANDEZ 


F. Loagza 
W. SALAZAR 


Laboratorios de Fisiologta 
Instituto Politécnico Nacional 
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OBSERVATIONS ON THE GROWTH-STIMULATING ACTION 
OF CERTAIN PROTEINS ADDED TO PROTEIN-FREE 
DIETS COMPOUNDED WITH AMINO ACIDS* 


Sirs: 

For several years it has been recognized that rats, mice, or chicks grow 
less rapidly when a mixture of amino acids is used as the N source in the 
diet than when casein is employed. Opinions about why this should be so 
have differed. Therefore, the following new facts and interpretations are 
presented to aid in the understanding of the phenomenon. 

Mice grew at a suboptimal rate when the casein used as the N source in 
their diet was hydrolyzed with acid, and the hydrolysate was fortified with 
cystine and tryptophane. This was demonstrated by feeding young mice 
a diet composed of sulfuric acid-hydrolyzed casein, prepared as described 
previously,’ 18 parts, dl-tryptophane 0.8, /-cystine 0.3, sucrose 75, salts? 5, 
fortified corn oil 1, and the crystalline vitamins as recommended earlier.’ 
To render the ration less hygroscopic, 10 parts of cellulose were added. 

Small amounts of intact casein and even smaller amounts of crystalline 
trypsinogen when added to the above basal ration caused restoration of 
normal growth. On the other hand, coagulated egg white was without 
beneficial effect. The data show further that a concentrate of strepo- 
genin‘ prepared from a tryptic digest of casein and fed at a level equivalent 
in strepogenin content to the minimal effective dose of casein was approxi- 
mately as active as this protein. Finally, when the strepogenin potency 
of the concentrate was destroyed by acid hydrolysis, growth-promoting 
power was lost. 

Strepogenin is an unidentified peptide-like bacterial growth factor® which 
has recently been shown to be a constituent of several pure proteins.‘ It 
has been found abundantly in casein, but only in traces in dialyzed egg 
white. Crystalline trypsinogen is apparently a much richer source than 
casein. Strepogenin is destroyed by hydrolysis with strong acid. 

These properties correlate sufficiently well with the present findings with 
mice to suggest that the growth-promoting powers of some proteins added 
to diets based on amino acids may be attributed to strepogenin. Indeed, 


* With the technical assistance of M. L. Collyer and B. Bailey. 

1 Woolley, D. W., J. Biol. Chem., 140, 453 (1941). 

? Phillips, P. H., and Hart, E. B., J. Biol. Chem., 109, 657 (1935). 

* Woolley, D. W., J. Biol. Chem., 164, 31 (1944). 

* Woolley, D. W., and Sprince, H., Federation Proc., 4, 164 (1945). 
and Woolley, D. W., J. Am. Chem. Soc., in press. 

5 Sprince, H., and Woolley, D. W., J. Exp. Med., 80, 213 (1944). 
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Growth Response of Mice Fed a Casein Hydrolysate Ration 








Addition to basal ration Fw he | on 

In weight 

per cent a 
None 12 1.7 
Casein (vitamin-free) 10 4 3.3 
2 4 3.1 
1 7 2.4 
Dialyzed heated egg white 5 7 2.1 
Denatured crystalline trypsinogen 0.5 4 3.6 
Strepogenin concentrate Equivalent to 2% casein! 8 3.0 

4 


Hydrolyzed strepogenin concentrate + ap ** 1.3 


the present experiments were designed and undertaken in an effort to learn 
whether this bacterial growth factor was of importance in animal nutrition, 
This question cannot be answered until pure strepogenin is available, but 
the data show that proteins rich in this factor (casein and trypsinogen) 
have growth-promoting powers not possessed by proteinaceous material 
low in strepogenin (egg white). Egg white is not deficient in the known 
amino acids. Thus, for mice as well as for bacteria,‘ the nutritional 
properties of proteins are not related solely to the amino acids obtainable 
by acid hydrolysis. 


The Rockefeller Institute for Medical Research D. W. Woo.ier 
New York 


Received for publication, July 6, 1945 
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SYNTHESIS OF LABILE METHYL GROUPS 
IN THE WHITE RAT 


Sirs: 

In the first report of growth experiments with homocystine diets supple- 
mented with choline, du Vigneaud and coworkers! called attention to the 
fact that occasionally they encountered animals ‘‘capable of showing some 
growth on the homocystine diet without added choline.” It was sug- 
gested' that labile methyl groups had been synthesized by the intestinal 
bacteria of these rats. Growth of rats receiving methyl-free, homocystine 
diets has also been reported recently by Bennett, Medes, and Toennies.’ 

In the present communication, we wish to report evidence that indicates 
the synthesis of a small amount of methyl groups in the white rat main- 
tained on a diet adequate in labile methyl groups. This evidence was ob- 
tained by maintaining the deuterium concentration of the body water of 
rats at about 3 atom per cent and subsequently isolating the choline from 
the tissues of these rats. If, under these conditions, deuterium was found 
in the methyl groups of choline, synthesis of the methyl group must have 
taken place somewhere in the animal, either in the tissues or in the intes- 
tinal tract. It was extremely unlikely that a direct exchange reaction 
would bring about the appearance of deuterium in the methyl groups under 
these conditions.’ 

Two rats were fed a casein diet having the following percentage com- 
position: vitamin-free casein 20, salt mixture‘ 4, Crisco 19, sucrose 56, corn 
oil containing fat-soluble vitamins’ 1. Each rat received daily 0.20 mg. 
of dl-calcium pantothenate, 2 mg. of p-aminobenzoic acid, 5 mg. of inositol, 
and 0.02 mg. each of thiamine chloride, riboflavin, nicotinic acid, and 
pyridoxine hydrochloride. The deuterium concentration of the body 
water was raised to approximately 3 atom per cent by the intraperitoneal 
injection of the necessary amount of 99.5 per cent D,O and was maintained 
by providing drinking water containing 4 atom per cent D,O for 3 weeks. 
The deuterium contents of the tissue choline, isolated as choline chloro- 
platinate,* and of trimethylamine prepared from it* are given in the table. 


1 du Vigneaud, V., Chandler, J. P., Moyer, A. W., and Keppel, D. M., Proc. Am. 
Soc. Biol. Chem., J. Biol. Chem., 128, p. eviii (1939) ; 181, 57 (1939). 

? Bennett, M. A., Medes, G., and Toennies, G., Growth, 8, 59 (1944). 

? du Vigneaud, V., Cohn, M., Chandler, J. P., Schenck, J. R., and Simmonds, S., 
J. Biol. Chem., 140, 625 (1941). 

‘Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 37, 572 (1919). 

‘du Vigneaud, V., Kilmer, G. W., Rachele, J. R., and Cohn, M., J. Biol. Chem., 
155, 645 (1944). 
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Deuterium content 


Deuterium Content of Methyl Groups of Choline 


Per cent of 


Average choline methy] 
Change in deuterium in 23=—— ———— yt from 
body weight ae Choline chloro- Trimethylamine _ Methy! group ody water 


tinate 








platinate chlorop (J x 100 ) 


atom per cent atom per cent 


gm. atom per cent atom per cent 
102-145 3.1 0.60 + 0.01* | 0.15 + 0.06 
0.21 + 0.01* 0.24f 7.7f 
116-165 3.2 0.39 + 0.06 0.23 + 0.08 
0.25 + 0.02* 0.27f 8.5t 








* Micro deuterium method-with the mass spectrometer. 
t Value calculated from the data obtained by the micro deuterium method because 
of the smaller error in analysis. 


These results indicate a small, but not insignificant, amount of labile 
methyl group synthesis. The present data do not distinguish between 
direct synthesis by the tissues and synthesis by intestinal bacteria with 
subsequent utilization of the methyl groups in the tissues. 
of the facts we now have concerning the labile methyl groups in the diet 
and in metabolism, we feel that the latter explanation involving intestinal 
bacteria is the most logical interpretation of our results. 

The authors wish to thank Dr. D. Rittenberg of the Department of Bio- 
chemistry, College of Physicians and Surgeons, Columbia University, for 
micro deuterium analyses carried out by an unpublished method. 
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Acetate: Aceto-, oxidation products, 
isotopic carbon in study, Buchanan, 
Sakami, Gurin, and Wilson, 695 

Oxidation products, isotopic carbon in 
study, Buchanan, Sakami, Gurin, 
and Wilson, 695 

Acetic acid: Aceto-, citric acid formation, 

relation, Hunter and Leloir, 
Formation, body, Bloch and Rittenberg, 
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Oxalo-, citric acid formation, relation, 
Hunter and Leloir, 295 
Acetoacetate: Oxidation products, iso- 


topic carbon in study, Buchanan, 
Sakami, Gurin, and Wilson, 695 
Acetoacetic acid: Citric acid formation, 
relation, Hunter and Leloir, 295 
Acetobacter suboxydans: Pantothenic 
acid lactone, determination, use, 
Sareit and Cheldelin, 311 
Acyl phosphate(s): Determination, 
micro-, Lipmann and Tuttle, 21 
Adenosinetriphosphatase: Myosin, ac- 
tivity, Singher and Meister, 491 
Adenylic acid: Myo-, tissue autolysis, 
decomposition, Kerr and 
darian, 
Adrenal(s): Adrenalin, scurvy relation, 
Banerjee, 327 
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Albumin—continued: 

Blood serum, sodium docecyl sulfate 
mixtures and, electrophoresis, Put- 
nam and Neurath, 195 

Aldopento-benzimidazole(s): Anhydri- 
zation, Huebner, Lohmar, Dimler, 
Moore, and Link, 503 

Alkaloid(s): Sabadilla seed, house-fiy, 
effect, Ikawa, Dicke, Allen, and 
Link, 517 

Veratrine, Jacobs and Craig, 617 

Amino acid(s): Dunn, Camien, Shank- 
man, and Rockland, 653 

Blood serum albumin, crystalline, de- 
termination, isotope dilution 
method, Shemin, 439 

Determination, microbiological, Hac, 


Snell, and Williams, 273 

Hac and Snell, 291 
Hemoglobin, determination, Foster, 
431 

8-Lactoglobulin, determination, Foster, 
431 

Nitrogen determination, micro-Kjel- 
dahl, Miller and Houghton, 373 

| Antibiotic substance(s): Pseudomonas 
aeruginosa production, Hays, Wells, 
Katzman, Cain, Jacobs, Thayer, 


Adrenalin: Adrenal gland, scurvy rela- | 


tion, Banerjee, 327 
Glycogenesis, effect, Stetten and Klein, 


593 

Alanine: a-, blood, determination, mi- 
cro-, Alexander and Seligman, 9 
Thienyl-, yeast growth, effect, du 
Vigneaud, McKennis, Simmonds, 
Dittmer, and Brown, 385 


Albumin: Blood serum, crystalline, de- 
termination, isotope dilution 
method, Shemin, 439 

— —, electrophoretic mobility, lower 
fatty acid salts, effect, Ballou, 
Boyer, and Luck, 111 





Doisy, Gaby, Roberts, Muir, Carroll, 
Jones, and Wade, 725 
Arginine: Decarboxylase, function, Um- 
breit and Gunsalus, 333 
-Free glutamine, preparation, Archi- 
bald, 693 
Protein hydrolysates, determination, 
colorimetric, Albanese and Frank- 
ston, 185 
Urine, determination, colorimetric, Al- 
banese and Frankston, 185 
Aspartic acid: Determination, Leuconos- 
toc mesenteroides use, Hac and Snell, 


291 
Atabrine: Malaria parasite glycolysis, 
effect, Speck and Evans, 83 
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Autolysis: Tissue, myoadenylic acid de- 
composition, Kerr and Seraidarian, 
637 
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Bacillus: Tubercle. See Tubercle bacil- 
lus 
See also Lactobacillus 
Bacillus subtilis: Levulan 
effect, Doudoroff and O’ Neal, 585 
Bacteria: See also Acetobacter, Leuconos- 
toc, Proteus, Pseudomonas 
Benzimidazole(s): Aldopento-, 
drization, Huebner, Lohmar, Dimler, 
Moore, and Link, 503 
Biotin: Determination, Lactobacillus ara- 
binosus growth stimulants, effect, 
Williams, 237 
Bis(p-chlorophenyl)-1, 1, 1-trichloro- 
ethane: 2,2-, organs and body fluids, 
determination, Stiff and Castillo, 


anhy- 


545 

Blood: a-Alanine, determination, micro-, 
Alexander and Seligman, 9 
Bone composition, relation, Sobel, 
Rockenmacher, and Kramer, 159 


tryptophane 
administration Buck and 
Berg, 101 
Tryptophane, tryptophane administra- 
tion effect, Buck and Berg, 101 
Urea, tryptophane administration ef- 
fect, Buck and Berg, 101 
Blood plasma: Calcium, 
and estrogen administration effect, 


non-protein, 
effect, 


Nitrogen, 


McDonald and Riddle, 445 
Fibrinogen, methylxanthine effect, 
Field, Sveinbjornsson, and Link, 

525 


Nitrogen, reproduction and estrogen | 


administration effect, McDonald and 
Riddle, 445 
Phosphorus, reproduction and estrogen 
administration effect, McDonald and 
Riddle, 
Protein, diet deficiency, effect, van 


Wagtendonk and Zill, 247 
Tocopherols, determination, Quaife 
and Biehler, 663 | 


synthesis, | 


reproduction | 


445 | 
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determination, isotope dilution 
method, Shemin, 439 
- electrophoretic mobility, lower 
| fatty acid salts, effect, Ballou, 
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Albumin-sodium dodecy! sulfate mix- 
| tures, electrophoresis, Putnam and 
Neurath, 195 
Calcium phosphate solubility, factors 
affecting, Kuyper, 417 
Protein, determination, gradient tube 
use, Lowry and Hunter, 465 
Bone: Composition, blood and diet 
relation, Sobel, Rockenmacher, and 
Kramer, 159 
Formation, chemistry, Auyper, 
411,417 
Phosphate adsorption, Johansson, 
Falkenheim, and Hodge, 129 
— — time, radioactive isotope in study, 
Johansson, Falkenheim, and Hodge, 
129 
C 

Calcium: Blood plasma, partition, re- 
production and estrogen administra- 
tion, effect, McDonald and Riddle, 
445 
Calcium phosphate: Blood serum, solu- 

bility, factors affecting, Kuyper, 
417 
| Carbohydrate(s): Characterization, 
Huebner, Lohmar, Dimler, Moore, 


and Link, 503 
Metabolism, Stetten, 123 
Stetten and Klein, 593 


Carbon: Fixed, position, glucose from 
liver glycogen, Wood, Lifson, and 
Lorber, 475 

Isotopic, acetate and acetoacetate oxi- 
dation products, study with, Buch- 
anan, Sakami, Gurin, and Wilson, 

695 

| Carbon dioxide: Fixation, isocitric dehy- 
drogenase, relation, Ochoa, 243 

| Fixation mechanism, liver extracts, 
cell-free, radioactive carbon dioxide 
in study, Wood, Vennesland, and 

Evans, 153 





EEE ee — — 





lline, 
ution 
439 
ower 
lou, 
ll] 
mix- 
and 
195 
tors 
417 
ube 
465 
liet 
and 
159 


17 
on, 
29 
ly, 
ye, 
29 


= 





— 








ee 





SUBJECTS 


Carboxylase: De-, arginine and glutamic | 
acid, function, Umbreit and Gun- | 


salus, 333 | 
Oxalosuccinic, Ochoa and Weisz- | 
Tabori, 245 | 


Carcass: Glycogen turnover, galactose 
effect, Stetten, 123 | 
Carcinogenesis: Epidermal, methyl- | 
cholanthrene-induced, copper and | 
zinc, Carruthers and Suntzeff, 647 | 
Cathepsin: See also Enzyme, Catheptic | 
Cerebrospinal cord: Dicholestery] ether, 
Silberman and _ Silberman-Mar- | 
tyncewa, 603 | 
Cholanthrene: oethyl-, carcinogenesis | 
induced by, epidermal, copper and 
zinc, Carruthers and Suntzeff, 647 
Choline: Analogues, Neurospora choline- 
less mutants, utilization, Horowitz, | 


Bonner, and Houlahan, 145 
Determination, spectrophotometric, 
micro, Winzler and Meserve, 395 | 


Excretion, choline intake and tempera- 
ture effect, Johnson, Hamilton, and 
Mitchell, 5 | 

Liver, fatty, effect, MacFarland and 
McHenry, 605 

Cholinesterase: Drugs, effect, Nachman- 
sohn and Schneemann, 239 
Citric acid: Formation from acetoacetic 
and oxalacetic acids, Hunter and 
Leloir, 295 | 
Convulsion(s): Procaine, split-products, 





effect, Richards, 241 
Copper: Carcinogenesis, epidermal, 
methylcholanthrene-induced, Car- 
ruthers and Suntzeff, 647 
Cysticercus fasciolaris: Chemistry, 
Velick, 711 | 
Tumors initiated by, fat, acetone- 
soluble, Velick, 711 


DDT: Ethane, 2,2-Bis(p-chloro- 
phenyl] )-1,1,1-trichloro- 
Decarboxylase: Arginine, function, Um- | 
breit and Gunsalus, 333 | 
Glutamic acid, function, Umbreit and | 
Gunsalus, 333 
Dehydrogenase: d-Glyceraldehyde 3- 
phosphate, muscle, isolation and 
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Dehydrogenase—continued: 

crystallization, Cori, and 
Cori, 565 
Isocitric, carbon dioxide fixation, rela- 
tion, Ochoa, 243 
Dentin: Phosphate adsorption, Johans- 
son, Falkenheim, and Hodge, 129 
— — time, radioactive isotope in study, 
Johansson, Falkenheim, and Hodge, 
129 


Slein, 


Detergent(s): Synthetic, proteins and, 


interaction, Putnam and Neurath, 
195 


| Dicholesteryl ether: Cerebrospinal cord, 


Silberman and _ Silberman-Mar- 
tyncewa, 603 
Diet: Bone composition, relation, Sobel, 
Rockenmacher, and Kramer, 159 


Guinea pig, essential factor, van Wag- 


tendonk and Ziil, 247 
E 
Embryo: Lipids, Gortner, 135 


Enamel: Phosphate adsorption, Johans- 
son, Falkenheim, and Hodge, 129 

— — time, radioactive isotope in study, 
Johansson, Falkenheim, and Hodge, 


129 

Enzyme(s): Catheptic, kidney, Zamec- 
nik and Stephenson, 625 
Glutathione oxidation, Ames and El- 
vehjem, 549 


Phosphopyruvate synthesis from py- 
ruvate, effect, Lardy and Ziegler, 
343 
Transphosphorylation, guanine rdéle, 
Colowick and Price, 563 
See also Adenosinetriphosphatase, Car- 
boxylase, Cholinesterase, Decar- 
boxylase, Dehydrogenase, Mexicain, 
Oxidase, Phosphatase 
Esterase: Choline. See Cholinesterase 
Estrogen(s): Blood plasma calcium, 
phosphorus, and nitrogen partition, 
effect, McDonald and Riddle, 445 


| Ethane: 2,2-Bis(p-chlorophenyl)-1,1,1- 


trichloro-, organs and body fluids, de- 
termination, Stiff and Castillo, 545 

F 
Fat(s): Acetone-soluble, tumors, Cysti- 
cercus fasciolaris-initiated, Velick, 
711 
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: Lower, salts, blood serum 
mobility, 
Luck, 
11] 
Fibrinogen: Blood plasma, methylxan- 
thine effect, Field, Sveinbjornsson, 
and Link, 
Flaxseed: Nitrogenous 
Vassel and Nesbitt. 
Protein, purified, isolation, Vassel and 


Fatty acid(s 
albumin, electrophoretic 
effect, Ballou, 


Boye r, and 


525 
constituents, 


571 


Nesbitt, 571 
Folic acid: Excretion, skin and urine, 
Johnson, Hamilton, and Mitchell, 
$25 

G 
Galactose: Carcass glycogen turnover, 
effect, Sletten. 123 
Liver glycogen turnover, effect, 
Stetten, 123 


Glucose: Liver glycogen, fixed carbon, 
position, Wood, Lifson, and Lorber. 


475 
Glutamic acid: Decarboxylase, function, 
Umbreit and Gunsalus, 333 


Determination, Lactobacillus arabino- 
Hac, Snell, and Williams, 
273 


utilization, 


sus use, 


arabinosus 


Lactobacillus 


Hac, Snell, and Williams, 273 
Glutamine: Arginine-free, preparation, 
Archibald, 693 


Determination, Lactobacillus arabino- 


sus use, Hac, Snell, and Williams, 
273 

Lactobacillus arabinosus utilization, 
Hac, Snell, and Williams, 973 
Urea formation from, liver extracts, 
relation, Archibald, 693 
Glutathione: Oxidation, enzymatic, 
Ames and Elvehjem, 549 


Glyceraldehyde 3-phosphate dehydro- 


genase: d-, muscle, isolation and 
crystallization, Cori, Slein, and Cori, 

565 

Glycine: Porphyrin synthesis, use, 
Shemin and Rittenbera, 567 


Glycogen: Carcass, turnover, galactose 
effect, Stetien, 12% 
Liver, glucose, fixed carbon, position, 
Wood, Lifson, and Lorber, 475 
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Glycogen—continued: 


Liver, turnover, galactose effect. 
Sietten, 13 
Glycogenesis: Adrenalin effect, Stetten 
and Klein, 593 


Insulin effect, Stetten and Klein, 593 
Glycolysis: Malaria parasite, cell-free 
preparations, Speck and Evans, 17 

—, quinine and atabrine effect, 
Speck and Evans, 83 
Growth: Hormone, pituitary, anterior, 
isolation and properties, Li, Evans, 
and Simpson, 353 
Proteins, effect, Woolley, 753 
Yeast, thienylalanine effect, du Vi. 
gneaud, Mc Kennis, Simmonds, Dit. 
Guanine: Transphosphorylation, coen- 
zyme role, Colowick and Price, 563 
Guinea pig: Diet essential, van Wagten- 


mer, and Brown, 


donk and Zill, 247 

H 
Hemoglobin: Amino acid determination, 
Foster, 431 
Histidine: Protein hydrolysates, deter- 


mination, Leuconostoc mesenteroides 
use, Dunn, Camien, Shankman, and 
Rockland, 653 
House-fly: Sabadilla seed alkaloids, ef- 
fect. Ikawa, Dicke, Allen, and Link, 

517 

I 

Influenza: Viruses, density and size, 
Sharp, Taylor, McLean, Beard, and 


Be ard, 29 
Insulin: Glycogenesis, effect, Stetten and 
Klein, 593 
Isocitric dehydrogenase: Carbon diox- 


ide fixation, relation, Ochoa, 243 
Isorubijervine: Ring system, Jacobs and 
Craig, 617 

J 
Jervine: Isorubi-, ring system, Jacobs 
and Craig, 617 
Rubi-, ring system, Jacobs and Craig, 


617 

K 
Kidney: Catheptic enzymes, Zamecnik 
and Stephenson, 625 
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Lactobacillus arabinosus: Biotin deter- 
mination, growth stimulants, effect, 
Williams, 237 

Glutamic acid determination and util- 
ization, Hac, Snell, and Williams, 
273 

Glutamine determination and utiliza- 
tion, Hac, Snell, and Williams, 273 
Tryptophane utilization and synthesis, 
Wright and Skeggs, 611 

Lactoglobulin: 8-, amino acid determina- 
tion, Foster, 431 

Leuconostoc mesenteroides: 
acid determination, use, Hac and 


Snell, 291 
Protein hydrolysate histidine deter- 
mination, use, Dunn, Camien, 
Shankman, and Rockland, 653 
Levulan: Synthesis, Bacillus subtilis 
effect, Doudoroff and O’ Neal, 585 
Lipid(s): Embryo, Gortner, 135 
Phospho-. See Phospholipid 
Liver: Extract, urea formation from 
glutamine by, Archibald, 693 
Extracts, cell-free, carbon dioxide 


fixation mechanism, radioactive car- 
bon dioxide in study, Wood, Ven- 
nesland, and Evans, 153 
Fatty, choline effect, MacFarland and 
McHenry, 605 
Glycogen, glucose, fixed carbon, posi- 
tion, Wood, Lifson, and Lorber, 475 
— turnover, galactose effect, Stetten, 
123 
Luciferin: Reduced, absorption band, 
visible, Chase, 1 

M 
Malaria: Parasite, biochemistry, Speck 
and Evans, 71, 83 
—, glycolysis, cell-free preparations, 


Speck and Evans, 71 
—, —, quinine and atabrine effect, 
Speck and Evans, 83 
Methylcholanthrene: Carcinogenesis 


induced by, epidermal, copper and 
zinc, Carruthers and Suntzeff, 647 
Methyl group(s): Labile, synthesis, 
du Vigneaud, Simmonds, Chexdler, 
and Cohn, 


Aspartic | 


755 | 
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Methylnicotinamide: N!-, excretion, 
Johnson, Hamilton, and Mitchell, 
, 231 
Methylxanthine(s): Blood plasma fibrin- 
ogen, effect, Field, Sveinbjornsson, 


and Link, 525 
Mexicain: Crystallization, Castafieda- 
Agullé, Herndndez, Loaeza, and 
Salazar, 751 


Mold: See also Neurospora, Penicillium 
Muscle: d-Glyceraldehyde 3-phosphate 
dehydrogenase, isolation and crys- 
tallization, Cori, Slein, and Cori, 
565 

Mycolic acid: Tubercle bacillus, human, 
monolayer and Roentgen ray study, 
Stdllberg-Stenhagen and Stenhagen, 
255 

Myoadenylic acid: Tissue autolysis, de- 
composition, Kerr and Seraidarian, 
637 

Myosin: Adenosinetriphosphatase activ- 
ity, Singher and Meister, 491 


N 


Neurospora: Cholineless mutants, cho- 
line analogues, utilization, Horowitz, 


Bonner, and Houlahan, 145 
Nicotinamide: Determination, mioro- 
biological, Johnson, 227 
Excretion, Johnson, Hamilton, and 
Mitchell, 231 


N'-Methyl-, excretion, Johnson, Ham- 


ilton, and Mitchell, 231 
Nicotinic acid: Determination, micro- 
biological, Johnson, 227 
Excretion, Johnson, Hamilton, and 
Mitchell, 231 


Nicotinuric acid: Determination, micro- 


biological, Johnson, 227 
Excretion, Johnson, Hamilton, and 
Mitchell, 231 


Nitrogen: Amino acids, determination, 
micro-Kjeldahl, Miller and Hough- 
ton, 373 

Blood plasma, partition, reproduction 
and estrogen administration, effect, 
McDonald and Riddle, 445 

Non-protein, blood, typtophane ad- 
ministration effect, Buck and Berg, 

101 
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Nitrogen—continued: 
Proteins, determination, micro-Kjel- 


dahl, Miller and Houghton, "373 
Nitrogenous constituent(s): Flaxseed, 
Vassel and Nesbitt, 571 


Nucleoside(s): Purine, purines, separa- 
tion and determination, Kerr and 
Seraidarian, 211 


oO 


Oxalacetic acid: Citric acid formation, 
relation, Hunter and Leloir, 295 
Oxalosuccinic carboxylase: Ochoa and 


Weisz-Tabori, 245 
Oxidase: Pyruvic, Proteus vulgaris, 
Stumpf, 529 


P 


Pantothenic acid: Lactone, determina- 


tion, Acetobacter suborydans use, 
Sarett and Cheldelin, 311 
—, metabolism, Sarett, 321 
Metabolism, Sareit, 321 


Phenyl pantothenone and, Woolley and 
Collyer, 263 
Pantothenone: Pheny!, pantothenic acid 
and, Woolley and Collyer, 263 
Penicillium notatum: Penitrinic acid, 
Stodola, Wachtel, Moyer, and Coghill, 


67 

Pigment, Stodola, Wachtel, Moyer, and 
Coghill, 67 
Penitrinic acid: Penicillium notatum, 


Stodola, Wachtel, Moyer, and Coghill, 

67 

Peptide(s): Dunn, Camien, Shankman, 
and Rockland, 653 
Phenyl pantothenone: Pantothenic acid 
and, Woolley and Collyer, 263 
Phosphatase: Adenosinetri-, myosin, ac- 
tivity, Singher and Meister, 491 
Test, sodium phenolphthalein phos- 
phate use, Huggins and Talalay, 


399 | 


Phosphate(s): Acyl, determination, mi- 
cro-, Lipmann and Tuttle, 
Adsorption, enamel, dentin, and bone, 
Johansson, Falkenheim, and Hodge, 
129 

Enamel, dentin, and bone, adsorption 
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| Phosphate(s)—continued: 
Johansson, Falkenheim, and Hodge, 
129 
Phospholipid(s): Determination, micro., 
evaluation, Goriner, 97 
Phosphopyruvate: Synthesis, enzymatie, 
pyruvate relation, Lardy and Ziegler, 
343 
Phosphorus: Blood plasma, partition, 
reproduction and estrogen adminis- 
tration, effect, McDonald and Riddle, 
445 
Pituitary: Anterior, growth hormone, 
isolation and properties, Li, Evans, 





and Simpson, 353 
Porphyrin: Synthesis, glycine use, 
Shemin and Rittenberg, 567 


Procaine: Convulsions, split-products, 
effect, Richards, 241 
Protein(s): Dunn, Camien, Shankman, 
and Rockland, 653 
Blood plasma, diet deficiency, effect, 
van Wagtendonk and Zill, 247 

— serum, determination, gradient tube 


use, Lowry and Hunter, 465 
Degradation products, polarographic 
study, Miiller and Davis, 667 
Detergents, synthetic, interaction, 
Putnam and Neurath, 195 
Flaxseed, purified, isolation, Vassel 
and Nesbitt, 571 
Growth effect, Woolley, 753 


Hydrolysates, arginine determination, 
colorimetric, Albanese and Frank- 
ston, 185 





J 


21 | 


time, radioactive isotope in study, | 


—, histidine determination, Leuconos- 
toc mesenteroides use, Dunn, Camien, 


Shankman, and Rockland, 653 
Index, polarographic study, Muiiller 
and Davis, 667 
Nitrogen determination, micro-Kjel- 
dahl, Miller and Houghton, 373 


Polarographic study, Miiller and Davis, 


667 

Proteus vulgaris: Pyruvic oxidase, 
Stumpf, 529 
Pseudomonas aeruginosa: Antibiotic 
substances, production, Hays, Wells, 
Katzman, Cain, Jacobs, Thayer, 


Doisy, Gaby, Roberts, Muir, Carroll, 
Jones, and Wade, 725 
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SUBJECTS 


Purine(s): Nucleosides, purines, separa- 
tion and determination, Kerr and 


Seraidarian, 211 

—, ribose, determination, Kerr and 
Seraidarian, 211 
Pyridoxine: Derivatives, function, Um- 
breit and Gunsalus, 333 
Streptococcus lactis transamination, ef- 
fect, Cohen and Lichstein, 367 


Pyrimidine: Vitamin B, determination, 
biological, Obermeyer and Chen, 117 
Pyruvate: Phosphopyruvate synthesis, 
enzymatic, from, Lardy and Ziegler, 


343 
Pyruvic oxidase: Proteus vulgaris, 
Stumpf, 529 

Q 
Quinine: Malaria parasite glycolysis, 
effect, Speck and Evans, 83 | 


Quinone: a-Tocopherol, effects, Woolley, 
59 


R 


Reproduction: Blood plasma calcium, 
phosphorus, and nitrogen partition, 
effect, McDonald and Riddle, 445 

Ribose: Purine nucleosides, determina- 
tion, Kerr and Seraidarian, 211 

Rubijervine: Ring system, Jacobs and 


Craig, 617 
Ss 

Sabadilla: Seed, alkaloids, house-fly, 
effect, Ikawa, Dicke, Allen, and 
Link, 517 
Salt solution(s): Precipitates, Kuyper, 
411 

Scurvy: Adrenal gland adrenalin, rela- 
tion, Banerjee, 327 
Skin: Folic acid excretion, Johnson, 
Hamilton, and Mitchell, 425 


Sodium dodecyl sulfate: -Blood serum 
albumin mixtures, electrophoresis, 
Putnam and Neurath, 195 

Sodium phenolphthalein phosphate: 
Phosphatase test, use, Huggins and 
Talalay, 399 

Spinal cord: See Cerebrospinal cord 

Streptococcus lactis: Transamination, 
pyridoxine effect, Cohen and Lich- 
stein, 367 
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Thiazole: Vitamin B,, determination, 
biological, Obermeyer and Chen, 117 
Thienylalanine: Yeast growth, effect, 
du Vigneaud, Mc Kennis, Simmonds, 
Dittmer, and Brown, 385 
Tocopherol (s): Blood plasma, determina- 
tion, Quaife and Biehler, 663 
Tocopherol quinone: a-, effects, Woolley, 
59 

Tooth: See also Dentin, Enamel 
Transamination: Streptococcus lactis, 
pyridoxine effect, Cohen and Lich- 
stein, 367 
Transphosphorylation: Enzymatic, gua- 
nine réle, Colowick and Price, 563 
Tryptophane: Blood, tryptophane ad- 
ministration effect, Buck and Berg, 
101 
Lactobacillus arabinosus utilization and 
synthesis, Wright and Skeggs, 611 


Metabolism, Buck and Berg, 101 
Tissues, tryptophane administration 
effect, Buck and Berg, 101 


Tubercle bacillus: Human, myocolic 
acid, monolayer and Roentgen ray 
study, Stdllberg-Stenhagen and Sten- 
hagen, 255 

Tumor(s): Cysticercus fasciolaris-ini- 
tiated, fat, acetone-soluble, Velick, 
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Urea: Blood, tryptophane administration 

effect, Buck and Berg, 101 
Formation from glutamine, liver ex- 
tracts, relation, Archibald, 693 

Urine: Arginine determination, colorimet- 

ric, Albanese and Frankston, 185 
Folic acid excretion, Johnson, Hamil- 


ton, and Mitchell, 425 

Vv 
Veratrine: Alkaloids, Jacobs and Craig, 
617 


Virus(es): Influenza, density and size, 
Sharp, Taylor, McLean, Beard, and 
Beard, 29 

Vitamin(s): A, colorimetric reaction, 
Sobel and Werbin, 681 

—, determination, colorimetric, Fein- 
stein, 569 
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Vitamin(s)—continued:. 


Xanthurenic 
B, conjugate, determination, 


biological, Bird, 
Campbell, and Emmett, 
pyrimidine, 


acid: Excretion, factor 
micro- 


affecting, Miller and Baumann, Yq 
Bressler, Brown, 


631 Y 
determination, bio- 
logical, Obermeyer and Chen, 


B, 


117 
— thiazole, determination, biological, 


Yeast: Growth, thienylalanine effect, dy 
Obermeyer and Chen, 


Vigneaud, McKennis, Simmonds, 
117 Dittmer, and Brown, 
‘ 


3% 
xX Z 
Xanthine(s): Methyl-, blood plasma fi- 


brinogen, effect, Field, Sveinbjorns- 


Zinc: Carcinogenesis, epidermal, methyl. 
son, and Link, 


cholanthrene-induced, Carruthers 
525 and Sunizeff, 


6a | 
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